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Acronyms 
 

Please note the following acronyms referred to in this application form: 
 
ADCP  Acoustic Doppler Current Profiler     
MHWS  Mean High Water Springs 
MPA  Marine Protected Area 
MS-LOT Marine Scotland – Licensing Operations Team 
ROV  Remotely Operated Vehicle 
SAC  Special Area of Conservation 
SNH  Scottish Natural Heritage 
SPA  Special Protection Area 
SSSI  Site of Special Scientific Interest 
WGS84  World Geodetic System 1984 

 
Explanatory Notes 

 
The following numbered paragraphs correspond to the questions on the application form and are intended to 
assist in completing the form. These explanatory notes are specific to this application and so you are advised 
to read these in conjunction with the Marine Scotland Guidance for Marine Licence Applicants document. 

 
1. Applicant Details 

The person making the application who will be named as the licensee. 
 
2. Agent Details 

Any person acting under contract (or other agreement) on behalf of any party listed as the applicant and having 
responsibility for the control, management or physical deposit or removal of any substance(s) or object(s).   
 
3. Payment 

Indicate payment method. Cheques must be made payable to: The Scottish Government.  
 
Marine licence applications will not be accepted unless accompanied by a cheque for the correct 
application fee, or if an invoice is requested, until that invoice is settled.  Target timelines for 
determining applications do not begin until the application fee is paid. 

 

4. Application Type 

Indicate if the application is for a new scientific instrument deployment site or an existing scientific instrument 
deployment site.  Provide the existing or previous consent/licence number or any other reference details and 
the expiry date if applicable. 
 
5. Project Details 

(a) Give a brief description of the project e.g. wave rider buoy deployment. 
 

(b) Provide the proposed start date of the project.  The start date will not be backdated, since to 
commence a project for which a licence has not been obtained will constitute an offence, which may 
result in appropriate legal action.  A licence is normally valid for the duration of the project but not 
exceeding 6 years.  If a project will not be completed before a marine licence lapses, it will be 
necessary for licence holders to re-apply for a further licence to continue any ongoing work at least 14 
weeks prior to the expiry date of the licence.  Target duration for determination of a marine licence 
application is 14 weeks. 
 

(c) Provide the proposed completion date of the project.   
 

(d) Provide the cost of the works seawards of the tidal limit of MHWS.  This estimate should only cover 
work taking place below the tidal level of MHWS and must take into consideration the cost of materials, 
labour fees etc.  
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(e) Describe the location of the proposed works. Include a list of the latitude and longitude co-ordinates 
(WGS84) for each instrument location.  WGS84 is the World Geodetic System 1984 and the reference 
co-ordinate system used for marine licence applications.  Co-ordinates taken from GPS equipment 
should be set to WGS84.  Coordinates taken from recent admiralty charts will be on a WGS84 
compatible datum. Ordnance survey maps do not use WGS84. 
 
Example: For positions read from charts the format should be as in the example: 55°55.555’N 
002°22.222’W (WGS84).  The decimal point specifies that decimals of minutes are used and the datum 
is stated explicitly.  If seconds are used then the format should be as in the example: 55°55’44’’N 
2°22’11’’W (WGS84). 

 
 It is important that the correct positions, in the correct format, are included with this application, 
as any errors will result in the application being refused or delayed. 

 
To supplement your application, please provide a suitably scaled extract of an Ordnance Survey Map 
(1:2,500 scale but not more than 1:10,000) or Admiralty Chart which must be marked to indicate: 

 
o the full extent of the works in relation to the surrounding area; 
 
o latitude and longitude co-ordinates defining the location of the works; 

 
o the level of MHWS; 

 
o any adjacent SAC, SPA, SSSI, MPA, Ramsar or similar conservation area boundary. 
 

 Drawings and plans will be consulted upon.  If they are subject to copyright, it is the responsibility of 
the applicant to obtain necessary approvals to reproduce the documents and to submit suitably 
annotated copies with the application. 

 
(f) Indicate if the project is located within the jurisdiction of a statutory harbour authority and provide details 

of the statutory harbour authority where relevant. 
 

(g) Provide a full method statement, including schedule of work, the period of time it will be in place, it’s 
purpose and expected position (e.g. sea bed or water column). 
 

(h) Provide assessment of the potential impacts the works may have, including interference with other uses 
of the sea.  Please include details of areas of concern e.g designated conservation areas, such as a 
SAC, SPA, SSSI, MPA or Ramsar site and shellfish harvesting areas.   Further guidance on designated 
conservation areas can be obtained from SNH at this website: 
http://gateway.snh.gov.uk/sitelink/index.jsp and guidance on shellfish harvesting areas can be obtained 
from http://www.foodstandards.gov.scot/ with regards to the Shellfish Waters Directive (2006/113/EC) 
which has parameters set to protect the water quality in which edible shellfish are grown.   
 
Applicants should also be aware of the need to pay due regard to coastal and marine archaeological 
matters and attention is drawn to Historic Scotland’s Operational Policy Paper HP6, “Conserving the 
Underwater Heritage”.   
 
Where there are potential impacts from the works, please provide details of proposed mitigation in 
response to potential impacts.  

 
6. Deposits 

(a) Indicate all instruments to be deployed, providing further information about the quantity and further 
details about  the instrument to be deployed.  Please include the details below depending on type of 
instrument: 

 
 Deployment of buoys (e.g scientific buoy, marker buoy, associated guard buoy) 

 Description 
 Type 
 Size 
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Towed equipment (e.g profiling instruments): 
 Description including number of cables 
 Type 
 Size including length, width and depth of towed equipment (metres) 

 
 Deposits on the sea bed: 

 Description including how long proposed to be deposited 
 Type 
 Size including full dimensions (metres) 

 
 Where the project involves a number of elements, please complete all appropriate sections.  
 

(b) Provide the vessel name, vessel type and name and address of all vessel operators to be used for 
scientific instrument deployment.  If vessel details are not available at the time of application, please 
indicate this on the form as these details will be required prior to licence issue.  Continue on a separate 
sheet if necessary. 
 

(c) Provide details of the vessel role (e.g guard or fisheries liaison), indicate if the vessel(s) will be 
stationary during any survey work and provide details of the length of time that the vessel(s) will be 
stationary.  

 
7. Noise Monitoring 

Under the Marine Strategy Regulations (2010), there is now a requirement to monitor loud, low to mid 
frequency (10Hz to 10kHz) impulsive noise. Activities where this type of noise is produced include seismic 
airguns, other geophysical surveys (<10kHz), pile driving, explosives and certain acoustic deterrent devices. 
Where noisy activity is being undertaken, you must complete an initial registration form for the noise registry 
which allows you to provide details on the proposed work.  Completion of a 'close-out' form, which allows 
licensees to provide details of the actual dates and locations where the activities occurred, is also required 
within 12 weeks of the completion of the 'noisy' activity or, in the case of prolonged activities such as piling for 
harbour construction or wind farms, at quarterly intervals or after each phase of foundation installation. 
 
These forms can be downloaded from: 
http://www.scotland.gov.uk/Topics/marine/science/MSInteractive/Themes/noise-reduction 
 
Marine licence applications will not be accepted until this form has been completed and submitted. 
 
8. Scotland’s National Marine Plan 

Scotland’s National Marine Plan has been prepared in accordance with the EU Directive 2014/89/EU, which 
came into force in July 2014.  The Directive introduces a framework for maritime spatial planning and aims to 
promote the sustainable development of marine areas and the sustainable use of marine resources. It also sets 
out a number of minimum requirements all of which have been addressed in this plan.  In doing so, and in 
accordance with article 5(3) of the Directive, Marine Scotland have considered a wide range of sectoral uses 
and activities and have determined how these different objectives are reflected and weighted in the marine 
plan. Land-sea interactions have also been taken into account as part of the marine planning process.  Any 
applicant for a marine licence should consider their proposals with reference to Scotland’s National Marine 
Plan.  A copy of Scotland’s National Marine Plan can be found at: 
http://www.gov.scot/Publications/2015/03/6517/0  
 
Indicate whether you have considered the project with reference to Scotland’s National Marine Plan and 
provide details of considerations made including reference to the policies that have been considered.  If you 
have not considered the project with reference to Scotland’s National Marine Plan please provide an 
explanation. 
 
9. Consultation 

Provide details of all bodies consulted and give details of any consents issued including date of issue. 
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10. Associated Works  

Indicate whether the application is associated with any other marine projects (e.g. land reclamation, 
marine/harbour construction works, dredging and sea disposal etc).  If this is the case, provide 
reference/licence number for the related marine projects 
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Marine Licence Application for Scientific Instrument Deployments 
 

Version 1.0 

 
Marine (Scotland) Act 2010 

Marine and Coastal Access Act 2009 
 

 
 

It is the responsibility of the applicant to obtain any other consents or authorisations that may be 
required. 

 
 

Under Section 54 of the Marine (Scotland) Act 2010 and Section 101 of the Marine and Coastal Access 
Act 2009, all information contained within and provided in support of this application will be placed on a 
Public Register.  There are no national security grounds for application information not going on the 
Register under the 2010 Act.  Under the 2009 Act, application information goes on the Register unless 
the Secretary of State determines that its disclosure in the Register would be contrary to the interests 
of national security. 
 

Public Register 

Do you consider that any of the information contained within or provided in support of this application 
should not be disclosed: 
 
(a) for reasons of national security;       YES   NO   

(b) for reasons of confidentiality of commercial or industrial information where such confidentiality is 
provided by law to protect a legitimate commercial interest?       YES   NO   
 
If YES, to either (a) or (b), please provide full justification as to why all or part of the information you have 
provided should be withheld.  
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1. Applicant Details 

Title:  Initials:  Surname:  
 

Trading Title (if appropriate):  
 

Address:  

 
 

Name of contact (if different): 
 

 

Telephone No. (inc. dialing code): 
 

Email: 
 

  

Statutory Harbour Authority? YES   NO   

If YES, please provide a list of the latitude and longitude co-ordinates (WGS84) of the boundary points 
of the area of harbour jurisdiction using Appendix 01 Additional Co-ordinates form if necessary. 

 
2. Agent Details (if any) 

Title:  Initials:  Surname:  
 

Trading Title (if appropriate):  
 

Address:  

 
 

Name of contact (if different): 
 

 

Telephone No. (inc. dialing code): 
 

 

Email: 
 

 
 
3. Payment 

Enclosed Cheque    Invoice    
 
Contact and address to send invoice to:  
 
Applicant    Agent    Other   
 
If OTHER, please provide contact details: 

Title:  Initials:  Surname:  
 

Address:  

 
 

Email: 
 

 
 

[Redacted]
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4.  Application Type 

Is this application for a new scientific instrument deployment site or an existing scientific instrument 
deployment site:   
 
New Site         Existing Site    
 
If an EXISTING SITE, please provide the consent/licence number or any other reference details and the 
expiry date if applicable and expiry date: 

Consent/Licence Number or Other Reference Details Expiry Date 

  

 
5. Project Details 

(a) Brief description of the project (e.g. wave rider buoy deployment): 

 

 

 

  
(b) Proposed start date (Target duration for determination of a marine licence application is 14 
weeks): 

 

 
(c) Proposed completion date: 

 

 
(d) Cost of the works seawards of the tidal limit of MHWS: 

£ 

 
(e) Location: 

 

 
Latitude and Longitude co-ordinates (WGS84) defining the extent of the project (continue on Appendix 01 
Additional Co-ordinates form if necessary): 

Latitude  Longitude 

  °   .    ’ N 
N

   °   .    ’ W

  °   .    ’ N    °   .    ’ W

  °   .    ’ N    °   .    ’ W

  °   .    ’ N    °   .    ’ W

  °   .    ’ N    °   .    ’ W

  °   .    ’ N    °   .    ’ W

  °   .    ’ N    °   .    ’ W

  °   .    ’ N    °   .    ’ W

  °   .    ’ N    °   .    ’ W

  °   .    ’ N    °   .    ’ W
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(f) Is the project located within the jurisdiction of a statutory harbour authority? 
           YES   NO   

 
If YES, please specify statutory harbour authority: 

 

 
(g) Method statement including schedule of work (continue on separate sheet if necessary): 

 

 

 

 

 

 
(h) Potential impacts the works may have (including details of areas of concern e.g designated 

conservation and shellfish harvesting areas) and proposed mitigation in response to potential impacts  
(continue on separate sheet if necessary): 

 

 

 

 

 

 
 
6. Deposits 

(a) Please indicate the instruments to be deployed: 
Instruments Instrument Details 

(e.g description, type and size) 
Quantity 

Scientific Buoys (e.g waveriders 
or wave-powered) 

  

Marker Buoys   

Associated Guard Buoys   

Profiling Instruments (e.g ADCP)   

ROV   

Other (please specify) 
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(b) Details of any vessel(s) undertaking deposit or removal activities (please note that a marine licence 

cannot be issued until the vessel details have been confirmed.  Continue on a separate sheet if 
necessary): 

Vessel Vessel Name Type of Vessel Name and Address of 
Operator 

1    

2    

3    

4    

5    

 
(c) Further details of any vessel(s) undertaking deposit or removal activities (please note that a marine 

licence cannot be issued until the vessel details have been confirmed.  Continue on a separate sheet if 
necessary): 

Vessel Vessel Role 
(e.g guard or fisheries liaison) 

Vessel to be Stationary  
(include length of time to be stationary) 

1   

2   

3   

4   

5   

 
 
7. Noise Monitoring 

Will loud, low to mid frequency (10Hz to 10kHz) impulsive noise be produced  YES   NO    
by the project?           
      
If YES, which please indicate the noise generating activities and sound frequencies: 

Noise Generating Activity Sound Frequency (Hertz) 

Use of Explosives  

Use of Acoustic Deterrent Devices  
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Other (please describe below): 

 

 

 
If you have ticked YES, please complete the Noise Registry – Initial Registration form located at: 

       http://www.scotland.gov.uk/Topics/marine/science/MSInteractive/Themes/noise-reduction 
 
 

A marine licence application will not be accepted until this form has been completed and 
submitted. 

 
 
8. Scotland’s National Marine Plan 

Have you considered the application with reference to Scotland’s    
National Marine Plan?        YES   NO   
 
If YES, provide details of considerations made including reference to the policies that have been 
considered:  

 

 

 

 

 

 
If NO, please provide an explanation of why you haven’t considered the National Marine Plan?  

 

 

 

 
 
9. Consultation 

List all bodies you have consulted and provide copies of correspondence: 
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10. Associated Works 

Provide details of other related marine projects, including reference/licence numbers (if applicable):  

 

 

 

 

 



 

Rev Prepared  Sign Off Checked  Sign Off Approved Sign Off Date of Issue Comments 
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EXECUTIVE SUMMARY 

This Project Environmental Monitoring Programme (PEMP) has been prepared by MeyGen Limited 

(MeyGen) to set out the proposed method for discharging the Condition 12 of the Section 36 

Consent for the Development.  

The document details the monitoring methods proposed for the commissioning and operational 

phases of the Development and how communication will be maintained between MeyGen, the 

Advisory Group (established in accordance with Condition 13) and the Regulators. 

The PEMP will be submitted to the Scottish Ministers for their written approval, in consultation with 

Scottish Natural Heritage (SNH), the Advisory Group and any other ecological, or such other advisors 

as required at the discretion of the Scottish Ministers. 

The data collected during monitoring will be used by the Advisory Group to inform decisions on each 

subsequent stage of the Development. 
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1 INTRODUCTION 

The MeyGen Tidal Energy Project Phase 1 (“the Development”) received consent under Section 36 of 

the Electricity Act 1989 from the Scottish Ministers 9th October 2013 (“the S.36 Consent”). A Marine 

Licence was also received on the 31st January 2014.  The Project Environmental Monitoring Plan 

(PEMP) is prepared to enable Condition 12 of the S.36 Consent (“the Condition”) to be discharged.  

The Marine Licence also refers to the PEMP, but only in relation to the Ecological Clerk of Works 

(ECoW).  The full text of Condition 12 can be found in Appendix A, however the four main elements 

to be monitored are: 

 

a) Hydro dynamics / benthic surveys, export cable route and turbine locations and 

modelling to validate EIA predictions;  

b) Collision / encounter interactions with the tidal turbines for diving birds, marine 

mammals and fish of conservation concern;  

c) Disturbance and displacement of birds, marine mammals and basking sharks during 

construction and operation. This must also link to the species protection plan for seals 

at haul outs; and  

d) Migratory salmonids  

 

A Monitoring Steering Report (MEY-1A-54-REP-01-D-SteeringReport v4 – see Appendix B) was 

produced and agreed by the Advisory Group on 23rd May 2014. This steering report provides details 

of the prioritisation of both receptor and potential impact, and refined the above four elements of 

Condition 12 to the objectives and concepts for the development of the PEMP. The report takes the 

lessons learnt from previous research and identifies where current and planned research will 

contribute to meeting the needs of the consent conditions and wider industry questions. Bringing 

these together, the report recommends more specific objectives and monitoring, which have been 

taken forward and developed for the PEMP and are appropriate for addressing the consent 

conditions. 

The scope and objectives of the PEMP is described in Section 2 below.  Further details are available 

in the Monitoring Steering Report (see Appendix B). 

 

The PEMP is part of a suite of documents related to the Marine Licence and S.36 Consent for the 

Development.  The S.36 Consent stipulates that the PEMP must, so far as is reasonably 

practicable, be consistent with the Environmental Management Plan (EMP), the Vessel 

Management Plan (VMP), Construction Method Statement (CMS) and the Navigational Safety 

Plan (NSP). To ensure that the Development is appropriately constructed and operated, the PEMP 

must: 

• Take into account mitigation measures to protect the environment and other users of 

the marine area; 

• Protect the environment, and; 

• Ensure that appropriate and effective monitoring of the impacts of the Development 

 

Table 7 in Section 11 summarises the links between Marine Licence and S.36 Consent conditions 

and the suite documents described above.  
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2 SCOPE OF THE PROJECT ENVIRONMENTAL MONITORING PROGRAMME 

MeyGen is committed to safeguarding the environment through the identification, avoidance and 

mitigation of the potential negative environmental impacts associated with the planning, 

construction and operation of the Development.   

The principle objectives of the PEMP are to:  

• Detect and quantify potential avoidance and collision rates for harbour seals, and verify and 

improve the accuracy of collision/encounter rate models.  

• Provide sufficient monitoring data for impact assessment to allow each subsequent stage of 

the Development to proceed.   

Whilst the principle objective is to monitor harbour seals, the technology used may be capable of 

monitoring other marine species, such as other marine mammal species (e.g. grey seals and harbour 

porpoise), fish (e.g. Atlantic salmon), and diving birds (e.g. black guillemot and shag).  Gathering 

monitoring data on these other species will help to address the elements of Conditions 12(b) and 

12(d) respectively. 

The Monitoring Steering Report (MEY-1A-54-REP-01-D-SteeringReport v4 – Appendix B) concluded 

that: 

1) Benthic and hydrodynamic impacts (Condition 12 (a)) were low priority for Phase 1a and will 

not be covered further. Opportunities with larger turbine arrays could be more relevant and 

possible in future phases of the project.  

2) Disturbance and displacement impacts (Condition 12 (c)) were low priority for Phase 1a and 

would not be monitored directly. Opportunities with larger turbine arrays could be more 

relevant and possible in future phases of the project. 

Construction and maintenance activities covered under the CMS and Operations and Maintenance 

Programme (OMP) are controlled under the EMP. The EMP includes specific mitigation and 

monitoring for the disturbance of marine mammals by the construction vessels (including seals at 

haul-outs) as referred to in Condition 12 (c). 

The Development will be operated, at all times, in accordance with the approved PEMP (as updated 

and amended from time to time). Any updates or amendments made to the PEMP by MeyGen must 

be submitted, in writing, by MeyGen to the Scottish Ministers for their written approval. 

In addition to the consent conditions, the PEMP must relate to the Environmental Statement (ES) 

and Supplementary Environmental Information Statement (SEIS) with regard to the environmental 

management measures proposed in the ES and SEIS. 

Phase 1a of the Development is a 6MW, 4 tidal turbine initial phase to be installed and operated 

under the restriction placed on the Development by Condition 2 of the S.36 Consent. 

This document, as agreed with the licensing authority, covers the pre- construction, construction and 
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operation of the Phase 1a infrastructure (4 x Tidal Turbine Generators (TTG), 4 x Gravity-base 

Turbine Support Structures (TSS) and Turbine Submarine Cables (TSC), collectively described as “the 

Works” (Figure 1). However, as identified in the Monitoring Steering Report, the aim focus of the 

monitoring will be during the operational phase.  

The current schedule for the installation of the four turbine support structure (TSS) and tidal turbine 

generator (TTG) is shown in Table 1 below, however it should be noted that these dates may be 

subject to change due to availability of installation windows: 

Date Activity 

19/09/2016 AHH TSS 1  

AHH TSS 2 

AHH TTG 1 

05/10/2016 AHH TSS 3  

 ARL TSS 4   

Flowbec and HiCUP frame to be deployed with TSS 4 

AHH TTG 2 

22/10/2016 ARL TTG 4  

07/11/2016    AHH TTG 3 

Table 1 installation Schedule 

 

The earliest and latest dates for completion of the commissioning of the four tidal turbine generators 

(TTG) is as follows; 

 Earliest Commissioned Date Latest Commissioned Date 

AHH TTG 1 14th November 2016 28th December 2016 

AHH TTG 2 20th November 2016 13th January 2016 

AHH TTG 3 02nd February 2016 15th February 2017 

ARL TTG 4 17th December 2016 30th January 2017 

 

Table 2 Commissioning Date Ranges  
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Figure 1: Phase 1a Infrastructure, Inner Sound, Pentland Firth 
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3 PEMP CONTRIBUTORS  

The PEMP has been designed in association with the following two projects: 

 Knowledge Transfer Partnership with the University of Aberdeen 

MeyGen is involved in a 2-year Knowledge Transfer Partnership (KTP) with the University of 

Aberdeen (Dr Benjamin Williamson), which is run by InnovateUK. 

The KTP remit is to transfer and apply the knowledge and techniques developed in the FLOWBEC 

project for environmental monitoring around tidal turbines to the Development. The KTP is 

supporting the development of monitoring equipment and techniques to gather the data required to 

satisfy the PEMP, and thus fulfil the requirements of Condition 2 and release the remainder of Phase 

1 for installation, and support the consent of Phase 2.   

The KTP includes development and deployment of the FLOWBEC monitoring platform at the MeyGen 

site, for baseline surveys and turbine monitoring. Although capable of monitoring mammal 

interactions and behaviour, the FLOWBEC platform gathers data across trophic levels (e.g. fish, 

seabirds, mammals) with concurrent hydrodynamic and physical data (flow speed, turbulence, 

visibility) to provide contextual data for the information gathered by other sensors, including Scottish 

Government Demonstration Strategy (SGDS) equipment (see below). The combination of animal 

behaviour around Phase 1a and environmental covariates will allow the investigation of mechanistic 

links and predictive tools to support the development of future phases. The KTP also includes system 

design and integration of the overall monitoring system, including the SGDS equipment, to allow the 

effective deployment and concurrent operation of all instruments. 

 Scottish Government Demonstration Strategy 

The SGDS is a research programme to develop, test and deploy methods for tracking the fine scale 

underwater movements of marine mammals in areas of marine renewable energy development.  

The SGDS will also gather data to satisfy the PEMP objectives by monitoring the behaviour of marine 

mammals in close proximity to the MeyGen tidal array, and fulfil the requirements of Condition 2.    

The programme has been led by the Sea Mammal Research Unit (SMRU) of the University of St 

Andrews. Development and testing was completed in phase 1 of the SGDS, resulting in a system 

which incorporates active acoustic monitoring (AAM), passive acoustic monitoring (PAM) and video 

to track multiple species in three dimensions around the tidal turbine site.  Phase 2 of the SGDS will 

include its longer term deployment with tidal turbines (at the MeyGen site). 

Both the KTP with the University of Aberdeen and the SGDS with SMRU will provide complimentary 

data which will be used to meet the PEMP objectives, and the S.36 Consent conditions. 
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4 COMMUNICATION, ROLES AND RESPONSIBILITIES 

This section details the Development team roles, responsibilities and lines of communication during 

the construction and operation of the Development. 

 Responsibilities and Ownership 

MeyGen will have the ultimate responsibility for ensuring the implementation of the PEMP. The 

ECoW, appointed in accordance with Condition 10, will provide quality assurance and approval of the 

PEMP.  

The ECoW’s role is in place until the final commissioning of Stage 1 of the Development, the role will 

not continue during the operation phase. The role of managing, revising and reporting on the PEMP 

to Scottish Ministers and the Advisory Group during the operation phase will be held by the Head of 

Environment and Consents (HEC), in line with the OMP. The overlap between the ECoW and HEC 

during the commissioning phase will be split accordingly to maintain consistency: 

1) Construction (including installation of the monitoring equipment) – reported by the ECoW in 

accordance with the CMS, EMP, VMP and NSP; 

2) Commissioning – construction works continues, monitoring under the PEMP begins. 

a. Construction works reported by the ECoW in accordance with the CMS, EMP, VMP 

and NSP.  

b. Environmental monitoring detailed in the PEMP, managed and reported by the HEC. 

3) Operation 

a. Monitoring of fully operating project in line with the PEMP, managed and reported 

by the HEC; 

b.  Maintenance activities carried out in accordance with the OMP, EMP, VMP and NSP, 

managed and reported by the HEC. 

Any updates to the PEMP post commissioning will require the HEC to check compliance with current 

legislation, consent conditions and related documents. An updated version of the PEMP will then be 

submitted to the Advisory Group for consultation and the Scottish Ministers for approval. 

 

 Organisational Chart 

The organisational chart for the PEMP is shown below in Figure 2. This chart includes how 

communication as part of the PEMP will be conducted in normal working procedures and in the case 

of emergencies. The organisation chart presents the key interfaces, lines of communication and 

responsibilities with regards to the flow of requirements and provision of data across the PEMP.  
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Figure 2: Key interfaces and organisation chart  
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5 MONITORING SYSTEM 

The monitoring system is designed to provide high spatial and temporal resolution target tracking 

within the near field scale around the TTG; providing data to meet the requirements of the 2 

monitoring objectives (as detailed in Section 2), namely to: 

• detect and quantify potential avoidance and collision rates for harbour seals. Verify and 

improve the accuracy of collision/encounter rate models; and 

• provide sufficient monitoring data for impact assessment to allow each subsequent stage of 

the Development to proceed.   

Please refer to the monitoring equipment matrix in Appendix D, which sets out how each component 

of the monitoring system relates to the S.36 Consent.  

Research and trials to date have not found a single technology that is able to provide data on marine 

species behaviour around, and their potential collision with, tidal turbines. The monitoring system is 

a combination of several different technologies that are designed to complement each other. 

The monitoring system involves components from the FLOWBEC project, SGDS, MeyGen and the 

turbine manufacturers, as outlined below: 

1) Multibeam sonar – SGDS; 

2) Passive Acoustic Monitoring (PAM) – SGDS; 

3) TSS mounted video camera – SGDS; 

4) Harbour seal telemetry – SGDS; 

5) FLOWBEC platform (Multibeam sonar, Multi-frequency Echosounder, Fluorometer, Acoustic 

Doppler Velocimeter (ADV), ADCP) – MeyGen/UoA;  

6) TTG mounted ADCP – MeyGen/Turbine manufacturer; 

7) TTG mounted video camera – MeyGen/Turbine manufacturer; and 

8) Blade strain gauge – MeyGen/Turbine manufacturer. 

Each technology identified above is discussed in further detail below. 

The monitoring system will be linked to the Atlantis Resources Limited (ARL) TTG so that power and 

data will be transferred via the TSC to the shoreside Power Conversion Unit Building (PCUB) at the 

Ness of Quoys. 

The multibeam sonar, PAM, TSS mounted video cameras, and FLOWBEC platform will be connected 

to the TTG cable management system (CMS) via a TTG Junction Box mounted on the TSS (as 

described in Section 6.1 below). The other sensors are directly connected to the TTG nacelle. 
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 Active Acoustic Monitoring (Sparling et al. 2016) 

Active acoustics (sonar) can be used to track marine mammals and potentially smaller targets in the 

near field environment of the TTG. The SGDS project has selected 2 x Tritech Gemini multibeam 

sonars (720 kHz), stacked vertically (as shown in Figure 3). The Gemini unit has a horizontal and 

vertical swath of 120o and 20o respectively.  

Previous work (Hastie 2012) reviewed a number of active sonar systems for their ability to track 

marine mammals at a resolution that would be suitable for this application whilst not causing an 

overt behavioural response from marine mammals. The Tritech Gemini was selected from that 

process and was tested at the SeaGen turbine in Strangford Lough Narrows, in Northern Ireland.  

The SGDS completed trials of the Gemini units (2015), which included investigating the optimum 

configuration and position of sensors to cover the area around the tidal turbine. The solution 

recommended by SGDS is (as shown in Figure 3, Figure 4 and in more detail in Figure 8) to: 

1) Position the Gemini units perpendicular to the ebb and flood tide facing the TTG. The 

horizontal swath will cover the TTG blade position for the ebb and flood tide; 

2) Stack the Gemini units one above the other. The narrow 20o vertical swath of a single Gemini 

would only cover 11m (at a range of 30m). Stacking 2 units provides complete coverage of 

the TTG blades.   

The 2 x Tritech Gemini swath are overlapped and by measuring the ratio of the intensity of a target 

between the two units the depth of the target can be calculated. This allows for 3D tracking 

previously not possible with a single unit (only able to track in 2 dimensions). Marine mammals can 

be tracked around tidal turbines with good spatial resolution (sub-metre) in the X-Y plane and with 

an accuracy of around 1-2 m in the depth plane. So, any evasion responses largely in the horizontal 

plane will be detected with a good degree of accuracy although vertical responses will be associated 

with more error. This has obvious implications for the assessment of whether a collision has 

occurred; specifically, the error in depth estimation makes it unlikely that a collision can be reliably 

confirmed using the AAM system alone. 
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Figure 3: Dual stacked Tritech Gemini vertical swath (Sparling et al. 2016) 

 

 

Figure 4: Plan view - Tritech Gemini horizontal swath (Sparling et al. 2016) 
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Further details on the active sonar system and the trials that were carried out under the SGDS can be 

found in Sparling et al. (2016).  In summary, the active sonar system provides automatic software 

detection and tracking of marine mammals.   It allows three dimensional tracking of marine mammal 

targets around the turbine rotor, with identification of cetaceans versus seals possible at close range, 

which can also be differentiated with help of PAM. Seal species identification is unlikely. Fish and 

diving birds are likely to be detected also but automatic software does not yet exist so processing 

data for non-marine mammal targets will be labour intensive. Species identification for fish and birds 

is unlikely. 

The Tritech Gemini will be fixed on a High Current Underwater Platform (HiCUP) designed by the 

SGDS (as shown in Figure 5). The HiCUP is 0.5m high, 1.8m from centre to end of each leg and weighs 

approximately 1200kg. 

HiCUP is positioned to the side of the turbine, covering ebb/flood upstream from a single position. 

Partial downstream coverage may also be possible, subject to the turbine shadow and downstream 

turbulence.  

 

Figure 5: HiCUP design 
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 Passive Acoustic Monitoring 

Hydrophones have been widely used to record the clicks and whistles of Harbour porpoise and other 

vocalising cetaceans in the marine environment. Software (PAMGuard) has been developed to 

detect and classify clicks and whistles. 

The SGDS has been testing a PAM system that uses multiple hydrophone arrays so that vocalisations 

can be tracked in 3D. With a single cluster of hydrophones, the bearing of the sound can be 

measured but not range. By using multiple clusters of hydrophones, range can also be determined 

from the data (Sparling 2016).  

The SGDS report recommended the use of 3 tetrahedral hydrophone clusters, positioned on the legs 

of the TSS. In combination the 3 clusters will enable detection, identification of species and 3D 

tracking around rotor swept area and out to several tens of metres of echo locating cetaceans (e.g. 

harbour porpoise and dolphins).  Accuracy should be improved when the PAM units are installed on 

precise locations on the TSS, whereas in the trial the units were located on separate foundations on 

the seabed without precise validation of position or angle.   

The positions of the PAM units on the TSS are shown in Figure 6.  

 

Figure 6: Position of Sensors on TSS 

 

The PAM units will be mounted on the TSS using a clamped system (as shown in Figure 7). The 

mounting will also house the 2 x video cameras described in Section 5.5.1 below.  
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Figure 7: PAM (black) and camera (blue) mounted on TSS leg 

 

 Harbour Seal Telemetry 

SMRU aim to deploy ten tags on Harbour seals on the north coast in October 2016 and a 

further ten tags in March 2017.  The tags are UHF / GPS tags, that relay locations in real time 

to shore stations, and UHF / TDR tags, that relay depth data in real time to shore stations.   

 

It is also proposed to use Vemco pingers on the seals, which can be tracked by the PAM on 

the TSS.  These pingers operate at a frequency of 180 kHz, with 1 ping per second, and a 

battery life of 131 days.  The pingers are due to be tested in early August at SMRU, and if no 

observable responses are shown, will be deployed on seals together with the other tags.  

 

 FLOWBEC Platform (Williamson et al. 2015) 

The FLOWBEC unit has previously been deployed at the EMEC tidal and wave test sites (Fall of 

Warness and Billia Croo respectively)1 and at the MeyGen site in October 2015. In these earlier 

deployments, the FLOWBEC platform was powered by batteries capable of operating the suite of 

instruments continuously over a full spring/neap tidal cycle (2 weeks). Under the KTP, FLOWBEC will 

                                                           
1 http://noc.ac.uk/project/flowbec 
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be connected to the TTG for power and data, allowing the unit to run continuously as necessary. The 

frame is set-up to be positioned in line with the flood/ebb tide. However, the asymmetrical tide at 

the TTG locations (270o and 122o) means that the frame target location will be orientated to the 

wake of the TTG in the flood (east going tide) and will be slightly out of alignment up-stream of the 

TTG on the ebb (west going tide). 

Positions of the FLOWBEC unit and SGDS HiCUP relative to the ARL TTG are shown in Figure 8. 
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Figure 8: HiCUP and FLOWBEC position relate to ARL TTG 
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5.4.1 Active Sonar and Multi-frequency Echosounder 

The FLOWBEC unit uses a vertical swath Imagenex 837B Delta T and a vertically-mounted Simrad 

EK60 multi-frequency echosounder.  

The Imagenex active sonar is used for target tracking, classification and observations 
of behavioural responses of fish, diving seabirds and marine mammals. The vertical 
swath orientation of the Imagenex gives coverage of the full water column, but with a 
relatively narrow horizontal band, which will not cover the full swept area of the TTG 

(as shown in 

PLAN

SIDE
Flood 122° 

 

Figure 9). The vertical swath and position (upstream/downstream of the TTG) means the unit can 

monitor the full water column, tracking targets above and below the rotor swept area and on their 

approach/departure from the turbine. The platform is positioned to optimise measurements of 

targets around the turbine to monitor the ecological relevance of wake/turbulence, potential 

prey/predator aggregation effects and target behaviour immediately before/after a TTG encounter 

in the context of the potential for increasing/decreasing collision risk. 

The EK60 echosounder operates at 3 frequencies (38, 120 and 200 kHz) and is used for target 

classification (i.e. debris, fish, diving birds, mammals etc.), species identification for those species 

with known frequency response, and abundance estimates at all depths throughout the entire water 

column. At this point, species with known frequency responses include commercial fish and auk 

(seabird) species. One benefit of concurrent operation of the EK60, multibeam sonars, TTG/TSS 
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cameras, PAM and seal tagging is that it allows classification relationships to be transferred between 

instruments to some extent, to support later operation with a reduced instrumentation suite, and to 

provide resiliency in case of instrument failure / degradation. The EK60 information (especially the 

200 kHz) is also used to identify ecologically-relevant hydrodynamic and turbulence characteristics to 

mask from ecological data, and to provide contextual / explanatory information as explanatory 

variables in the predictive models of collision risk. 

Co-registration of targets observed on the two complementary instruments (Imagenex and EK60) 

provides the most information on target behaviour together with identification, for confirmation on 

co-registered video data when visibility permits. 

 

 

PLAN

SIDE
Flood 122° 

 

Figure 9: Imagenex orientation 

Algorithms have been developed for target detection and tracking of all targets, including fish, 

seabirds and marine mammals. Classification of targets can be completed using a combination of 

methods.  The data can be interrogated for thresholds of target morphology (size, shape, target 

strength etc.) and behaviour (velocity, position in water column, profile etc.). Target classification 



 

 
 

         

Project Environmental Monitoring Programme Page 21 of 49 

 
MEY-1A-70-HSE-018-I-PEMP 

and detail of individual species identification can also be carried out in combination with the EK60 

data using known frequency responses for different fish species, and in combination with video data 

when visibility permits. The collection of concurrent data across instruments during phase 1 will 

inform further identification of seabird and mammal. 

Algorithms have also been developed to define a range of turbulence characteristics from EK60 data 

and to be able to remove turbulence features while leaving the biological data in the water column 

over all speeds of tide, enabling analysis of animal behaviour and predator-prey interactions at all 

tidal speeds, all depths and all times of day. 

5.4.2 Fluorometer 

The fluorometer measures turbidity and chlorophyll, which can be used as a proxy for 

phytoplankton. The fluorometer will provide contextual data on current biomass/productivity in the 

water column testing the hypothesis formed at the EMEC tidal energy sites that the advection of 

productive water masses into the area may signal the arrival/presences of many other species. 

Measures of turbidity/visibility can be used to predict the perceptual range of animals that may 

impact and predict the behaviour of species around the TTG. 

5.4.3 ADV 

A SonTek/YSI ADVOcean 5 MHz Acoustic Doppler Velocimeter (ADV) will provide near-bed flow and 

turbulence data to support the analysis of predator and prey behaviour, and inform collision risk. 

5.4.4 ADCP 

A Nortek Signature 500 kHz 5-beam broadband ADCP mounted on the FLOWBEC platform will 

provide full-water column measurements of velocity, turbulence and wave height. 

 

 Video 

The use of video cameras is aimed at detecting collisions with the blades and helping with species 

identification.  However, the video data will be limited to daylight hours in good visibility. 

5.5.1 ARL TTG 

There will be 3 video cameras operating on the ARL TTG. 

1) ARL TTG nacelle camera 

A single video camera is mounted on the ARL nacelle, behind the rotor. The primary aim of this 

camera is blade condition monitoring. The camera (Mohn Aqua 400 Series) has a 360o pan/tilt unit, 

zoom and LED lights. The camera will not be able to cover the full swept area of the TTG rotor nor 

will it be continually recording data. 
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Given the limitation of the camera for collision monitoring purposes it is proposed that a sampling 

schedule is set up for the camera to supplement other datasets.   

2) SGDS TSS mounted  

Two video cameras will be mounted on the TSS legs (as shown on Figure 6) facing upwards capturing 

the ebb and flood positions of the TTG. The video cameras (Progressive scan CMOS) have a fisheye 

lens which will cover 180 degrees by 360 degrees. 

The video data will be recorded and sampled based on targets identified on the AAM and PAM 

systems along with a random sample of data. 

5.5.2 Andritz Hydro Hammerfest (AHH) TTG 

The 3 x AHH TTG will have 3 x video cameras (Seacam Ultra Wide Angle Monochrome UV camera) 

positioned at 120o around the nacelle to capture 360o view of the turbine rotor. The data will be 

available through the TTG supervisory control and data acquisition (SCADA) system at the PCUB.   

 Strain Gauges 

All four TTG will have strain gauges fitted to the blades or hub. The strain gauge data will be available 

through the TTG SCADA system at the PCUB. Samples can be taken for cross referencing against 

target identification on Active Acoustic Monitoring (AAM), PAM and video.  

Further investigation will be required based on operational data to understand the capability of 

strain gauges to detect collisions.  

 Acoustic Doppler Current Profilers 

Acoustic Doppler Current Profilers (ADCPs) are used to measure flow velocity, turbulence and waves. 

ADCPs are an integral part of a tidal energy project, especially in the commissioning phase of TTG 

operation.  

ADCPs will be used for: 

1) TTG performance validation; 

2) Flow and wave measurements to validate models; 

3) TTG wake measurements; and 

4) Contextual data for environmental monitoring. 

ADCPs will be positioned on the: 

1) FLOWBEC platform (1 x vertically mounted Nortek Signature 500); 

2) ARL TTG nacelle (1 x vertically mounted); and 

3) AHH TTG (2 TTG with horizontally mounted ADCPs in the nose cone, 1 TTG with 1 x 

horizontally mounted ADCPs in the nose cone and 1 x vertically mounted on the nacelle). 
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While ADCPs are important for the performance and monitoring of the tidal turbine array, they 

present difficulties for the other environmental sensors; this issue is discussed further in Section 5.8 

below. The ADCPs listed above are all connected to the TTG system and therefore controllable in 

some form to ensure cross-talk is minimised. There is the potential that autonomous battery ADCPs 

could be installed for short periods (typically 28 days), which is most likely to occur at the end of the 

commissioning period when the TTG performance validation will take place as part of the TTG supply 

contract.  These battery units would not be controlled in the same way as TTG connected ADCPs 

once they are deployed. 

 Sensor Cross-talk 

The majority of sensors in the monitoring programme and installed around the TTG are acoustic 

devices. There is potential for sensors installed in close proximity to one another to interfere with 

each other.  The impact of cross-talk between sensors can be mitigated by controlling the timing of 

active sensor pings or scheduling the sensors so that they do not overlap.  

Dr Benjamin Williamson has developed software to control and synchronise multiple instruments 

that can mitigate cross-talk and enable adaptable sampling and sensor triggering (refer to Figure 10 

below). The system was tested on the FLOWBEC platform in field trials at the MeyGen site in October 

2015. 
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Figure 10: Instrument Ping Synchronisation 

The trial used the Nortek Signature 1000 incorporated into the FLOWBEC system. The trial was a 

success and this will now transfer to the control of the Nortek Signature 500 that will be on the 

FLOWBEC platform.  

There is potential for there to be cross-talk between the monitoring system and the other TTG ADCPs 

in the array. However, information provided by ADCP manufacturers (and distance between ADCPs 

on these TTG) suggests this risk is small and, therefore, cross-talk will not be included in the control 

programme. 

 Management of EK60 

The 38 kHz frequency of the EK60 is within the hearing range of Harbour seals and therefore there is 

the potential that the operation of that frequency could cause a change to the natural behaviour of 

Harbour seals.  This is considered an issue, as the behaviour of seals near the turbine blade swept 

area may therefore include a response not just to the turbine presence, noise and movement, but as 



 

 
 

         

Project Environmental Monitoring Programme Page 25 of 49 

 
MEY-1A-70-HSE-018-I-PEMP 

this frequency is potentially audible there is concern that it could elicit additional avoidance 

behaviour and therefore, confound any data on seal avoidance invalidating it’s use in advancing 

future collision risk assessments.  The 120kHz frequency is within the hearing range of Harbour 

porpoise, and there is a potential for any side-lobes from the 120kHz to also be within the hearing 

range of Harbour seal.  However, the risk of seals hearing side-lobes from the 120kHz beam is low. 

The evidence available from the date collected at the MeyGen site in 2015 shows no evidence of side 

lobes from the 200 kHz.  

 The ability of the EK60 to identify fish prey species and improve our knowledge of prey behaviour 

around the TTG is very valuable to understanding collision risk. It will allow investigation of whether 

the changes in fish behaviour around a tidal turbine structure observed at the EMEC tidal energy site 

will lead to changes in predator behaviour and lead to different encounter rates than those 

predicted by the tagging data. The benefit of the EK60 is derived from using 3 different frequencies, 

whilst this is the case, the University of Aberdeen are satisfied that they can generate data based on 

2 frequencies that would allow targets and turbulence to be measured, but it would severely limit 

the ability to identify to species level and hence decrease predictive power in identifying if harbour 

seals (or other predators) are present only when specific prey species are present. The EK60 can also 

operate with just the 200 kHz frequency running and that can provide information on 

presence/absence of biological targets (but with no ability at all for species ID) but it does provide 

the data needed to identify the characteristics of turbulence that may be useful in reducing the noise 

to signal ratio in the strain gauge data. 

It is necessary to proceed with caution with the EK60 so as not to risk invalidating other sensor data 

related to potential collision risk with the TTG.  Given that there is this potential risk to 

compromising the results through avoidance behaviour associated with EK60, the following 

approach to using the EK60 has been proposed by the SGDS Steering Group and agreed with the 

MeyGen Advisory Group. 

5.9.1 Commissioning Phase 

The TTG commissioning phase, which is anticipated to last between 8 to 14 weeks (see Table 3 

below) based on the earliest dates) depending on sign-off from the MeyGen Project Team, will not 

include a particular pattern of ‘normal’ TTG operation. During this period, it is proposed that the 

EK60 is run using all 3 frequencies to gather data on prey-predator interactions during a range of TTG 

on/off times at all ranges of tidal speeds. This approach will be extremely informative in being able 

to test the effect of blade speed vs tidal speed and predicting which has the greater influence on 

predator and (species specific) prey behaviour and hence collision risk. All other sensors will also be 

running during this period, however, the potential effect of the EK60 on animal behaviour rather 

than direct influence of TTG commissioning will not be known.   

5.9.2 Start of Normal TTG Operation 

The commissioning phase will be followed by a 14 day ‘reliability’ test start at full operation of the 

TTG. At the start of this phase the EK60 will be switched off, during which time data on seal and 
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porpoise collision/close encounter rate and behaviour around the TTG, without the possible 

confounding behavioural effects of the EK60, will be gathered in order to determine the power of 

subsequent trials to investigate potential reactions to the EK60. 

After eight weeks of full operation of the TTG, there will be a review of the EK60, possibly including a 

power analysis, and a decision made on how to proceed with the operation of the EK60.   There is a 

risk of biofouling of the transducer if not actively transmitting for long periods of time which will 

cause degradation / damage to the transducer for future operation.  

Further work is planned prior to installation and during commissioning with the EK60 to identify any 

frequency side lobes that could cause negative behavioural responses. Once data is available it will 

be reviewed by the Advisory Group to help inform the decision on continued operation with the 

EK60. 



 

 

 

 

Table 3: Timeline for the MeyGen phase 1a deployment, the management of the EK60, and reporting schedule. 

Phase of 

Work 

Commissioning Phase (CP) 14 day “reliability” test start of Full Operation Gemini 

only (FOGO) 

Review Period (RP) Full 

Operation 

(FO)  

Management 

of EK60*  

Gemini & EK60 all 3 frequencies  Gemini only  

EK 60 use subject to frequency trials  

Gemini only  

EK 60 use subject to 

frequency trials 

Decision 

required on 

EK 60 

frequencies   

Timescale 

(weeks) 

Shaded 

reporting 

week**. 

3/10 10/10 17/10 24/10 31/10 

 

 

7/11 

 

(1st CP 

report 

due) 

14/11 21/11 28/11 

 

 

5/12 

 

(2nd CP 

report 

due) 

12/12 19/12 

 

 

26/12 2/1 

 

(1st FO 

report 

due) 

9/1 16/1 23/1 30/1 

 

(2nd 

FO 

report 

due) 

6/2 13/2 

 

End 

of 

RP 

 

20/2 27/2 

 

3rd FO 

report 

due 

Notes  • Flexible period  

• 4 weekly reporting during commissioning phase.  

• Commissioning phase represented here as 8 
weeks but could be up to 14 weeks.  

• 4 weekly reporting begins again after Full 
operation notified by MeyGen.  

• 8 week FOGO period to allow 2 reporting 
cycles.  

• 4 week reporting cycle continues after full 
operation is notified.  

• Review of EK60 
operation. 

• Power analysis? 

• Compare baseline 
encounter rate 
with observed.  

 

* The other monitoring equipment (e.g. the PAM, cameras, Imagenex, etc.) will be operational throughout the different phases of work. 

** The four weekly reports produced by SMRU, UoA and MeyGen will be sent to MeyGen for collation to ensure that the outcome of the monitoring operations are fed 

back to the regulators, SGDS Steering Group and MeyGen Advisory Group systematically.



 

 

 

 Summary 

Table 4 below gives a summary of the sensors that will meet the requirements of the PEMP 

objectives and S.36 Consent conditions, and provide data to improve the understanding of 

monitoring systems related to the objectives. 

Table 4: Summary of PEMP sensors 

 Position Equipment will monitor Addressing 

condition 12 of 

Section 36  

Sensors Interface 

SGDS 

Dual 

Tritech 

Gemini 

NE side of ARL 

turbine on HiCUP. 

Near field detection, tracking, 

identification and observations 

of behavioural responses by 

marine mammals.  Detection of 

fish and diving birds likely, but 

species ID unlikely   

Provide data used 

to inform collisions 

/ encounters with 

turbine, and 

potentially near 

field disturbance, 

thus addressing 

element b) of 

condition 12. 

Focus on marine 

mammal species.  

Inferences may be 

possible in relation 

to c) 

 

Dual horizontal stacked 

Tritech Gemini multibeam 

sonar 

 

Subsea 

cable linked 

to TSS 

junction box 

SGDS 

PAM 

3 x hydrophone 

clusters on TSS, 1 

on each leg. 

3D tracking and identification of 

vocalising cetaceans (porpoises 

and dolphins) 

3 x hydrophone clusters; 1 

cluster contains 4 

hydrophones. 

Cabled on 

TSS to TTS 

junction box 

SGDS 

Cameras 

2 on TSS pointing 

upstream or 

downstream 

Collision identification of marine 

mammals, fish and diving birds, 

and species ID with good 

visibility   

2 x Progressive scan 

CMOS 

Cabled on 

TSS to TTS 

junction box 

SGDS 

Seal 

Tags 

2 deployments for 

10 tags on harbour 

seals 

Track movement of seals in the 

area, and in close proximity to 

ARL turbine using PAM  

UHF / GPS tags, UHF / TDR 

tags, and pingers 

 

FLOWBEC 

platform  

In front of ARL TTG 

on ebb tide and in 

wake on flood 

tide. 

Full water column, near-field 

tracking, identification and 

observations of behavioural 

responses by predators and prey 

species.  EK60 allows 

classification to species ID level 

for fish, and to genus level, 

diving seabirds, with known 

frequency response.  May also be 

able to ID seals with more data 

and comparison of positive 

sightings from other monitoring 

equipment. 

Provide data used 

to inform collisions 

/ encounters with 

turbine, and 

potentially near 

field disturbance, 

thus addressing 

element b) of 

condition 12.  Will 

also provide data 

on flow velocity 

and turbulence, 

thus partially 

addressing 

element a) and, if 

migratory fish can 

be detected, 

address element 

d). 

Inferences may be 

possible in relation 

to c) 

Imagenex multibeam 

sonar 

 

EK60 multi frequency 

echosounder 

 

SonTek YSI ADV Ocean 5 

MHz 

 

Nortek Signature 500  

 

ADCP 

 

Fluorometer/Turbidity 

Subsea 

cable linked 

to TSS 

junction box 

MeyGen  

Cameras 

1 x ARL nacelle 

 

Collision identification of marine 

mammals, fish and diving birds, 

and species ID with good 

visibility   

Provide data used 

to inform collisions 

/ encounters with 

turbine, thus 

addressing 

element b) of 

condition 12 

Mohn Aqua 400 Series TTG 

integrated 

AHH 

Cameras  

3 x AHH nacelle 

3*120o 

Collision identification of marine 

mammals, fish and diving birds, 

and species ID with good 

Provide data used 

to inform collisions 

/ encounters with 

3 x Seacam Ultra Wide 

Angle Monochrome UV 

cameras 

TTG 

integrated 
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visibility   turbine, thus 

addressing 

element b) of 

condition 12 

MeyGen / 

AHH 

Blade 

monitor 

Blade pitch and 

bearing 

monitoring system 

Possible collision detection for 

larger bodied animals 

Provide data used 

to inform collisions 

/ encounters with 

turbine, thus 

addressing 

element b) of 

condition 12. 

Strain gauge TTG internal 
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6 SYSTEM CONNECTION AND INSTALLATION 

 Connection 

The HiCUP, FLOWBEC unit, PAM clusters and TSS cameras are all peripheral to the ARL TTG system. A 

subsea instrument system has been designed to connect these units to the ARL TTG CMS. The full 

system is shown in Figure 12 below. 

There is a wet-mate bulkhead connector at the base of the ARL CMS on the turbine pylon. This 

connection provides enough power and data to run all the subsea instruments. All the sensors are 

marshalled to the TSS Junction Box (Figure 11) where a single cable will connect the system into the 

CMS using a Remotely Operated Vehicle (ROV) wet-mate receptacle. 

 

Figure 11: Example of the TSS Junction Box 
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Figure 12: Subsea instrument connection system 
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 Installation 

The TSS Junction Box, PAM clusters, TSS cameras are all installed on the ARL TSS prior to 

deployment. The PAM and camera cables will be routed back to TSS Junction Box via cable conduit 

on the TSS. 

The HiCUP and FLOWBEC unit will be loaded out and transported attached to the TSS. The HiCUP and 

FLOWBEC connection to the TSS Junction Box will be made prior to loadout. Therefore, this only 

leaves the wet-mate connection between the TSS Junction Box and TTG CMS to be made once the 

TTG is installed. The HiCUP and FLOWBEC units will be carried on the TSS on support platforms 

installed on the two of the TSS legs (HiCUP platform shown in Figure 13 below). The subsea cables 

will be positioned on these frames in a figure of eight.  

Once the TSS is installed on site, a ROV will attach each frame in turn to the installation vessel crane 

hook and the vessel will move the unit into location. The cable will spool out from the frame along 

the seabed. The subsea cables will include suitable bend restrictors and 20mm chain along their 

length to reduce any risk of bending, movement and abrasion. A decision will be made whether 

additional stabilisation measures will be required (i.e. rockbags) during post-lay surveys.  

A combination of vessel heading, ROV monitoring and bullseye on the two units will position the 

units accurately within the tolerances required. The ROV will be able to check heading accuracy and 

pitch/roll. The Tritech Gemini are mounted on a pan/tilt unit, so when the TTG is connected the 

heading and inclination will be fine-tuned. A final decision on methodology will be made by the 

installation contractor who will be responsible for installing these units within the tolerances 

required. 

When the TSS and HiCUP/FLOWBEC units have been installed, the TSS ballast blocks and TTG will be 

installed. An ROV will be required to make the wet-mate connection between the TSS Junction Box 

and TTG CMS.  
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Figure 13: TSS support frame from the HiCUP 
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7 CONTINGENCY MEASURES 

 System Redundancy 

MeyGen has sought to design a project that requires a minimum number of operations and 

maintenance interventions for the TTG and associated systems.  MeyGen also operate a strict policy 

in the use of divers and it is extremely unlikely that divers would be permitted for operations on the 

TTG. Work class ROVs required to complete recovery operations are expensive and require a larger 

vessel to operate from. The monitoring system has therefore been designed to be as robust as 

possible with redundancy options which cover failure of equipment that could not be repaired and 

then redeployed. 

The monitoring equipment matrix in Appendix D provides details on each piece of monitoring 

equipment, what it will monitor, what are the consequences of failure, and what redundancy is 

available.  

The greatest risk with the HiCUP and FLOWBEC units are the subsea cables and connectors, which 

are less well protected against the site conditions compared to sensors and cables on the TSS. If 

failures occur, then there are other opportunities to continue monitoring using different methods 

under the agreement of the AG. If sensors on the HiCUP or part of the connection system fails, the 

HiCUP frame could be recovered, but the cable would have to be cut and, as recovery and 

redeployment of the TSS is not possible, then it will not be possible to redeploy the HiCUP. In this 

scenario, the project has the option to continue to operate with FLOWBEC unit.   

The HiCUP and FLOWBEC platform are on different circuits on the TSS.  Therefore, if a fault occurs 

with one of the circuits then it will not affect the other.   

If there is a loss of both the HiCUP and the FLOWBEC platform, then the PAM, cameras and strain 

gauges will still continue to operate and gather data.  MeyGen have the option to recover the 

sensors and move to an autonomous FLOWBEC system run off the batteries. The FLOWBEC unit 

would then require regular recovery and re-deployment.  

Decisions on contingency measures will be discussed with the Advisory Group.   

The TSS Junction Box, PAM/Cameras and associated cables will be well protected; cables will be 

routed through conduit fixed to the TSS. The PAM/Camera system and the HiCUP will use either dry-

mate connectors or penetrators so a fault in the system will not be able to be fixed as recovery and 

re-deployment are not possible.  

 Current turbine deployment schedule 

The monitoring system has been designed to be connected to the ARL TTG. The ARL turbine provides 

enough power and communication bandwidth to run the whole monitoring system.  

The current schedule for the installation of the four TSS and TGG is as follows: 
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19th September AHH TSS 1  

AHH TSS 2 

AHH TTG 1 

5th October AHH TSS 3  

 ARL TSS 4  Flowbec and HiCup frame to be deployed with TSS 4 

AHH TTG 2 

22nd October ARL TTG 4  

7th November   AHH TTG 3 

 

In this current project programme the ARL TTG, HiCUP and Flowbec will be deployed approximately 

two weeks after the AHH TTG #1.  In this situation, it is proposed that the PEMP strategy remains the 

same. The AHH turbine will undergo the commissioning phase over approximately 6 weeks, and will 

be monitored using the 3 x cameras mounted on the TTG nacelle, ADCP and strain gauge data.  The 

ARL turbine will be installed approximately two weeks later with the full suite of monitoring 

equipment.  

If there is a delay to installation of the ARL turbine, greater than approximately 6 weeks (depending 

on when commissioning finishes) after AHH turbine #1, then the FLOWBEC unit will be installed 

based on the original battery powered set-up to monitor an AAH turbine.  

There is a risk that delays could also be subject to factors outside of MeyGen’s control, such as the 

weather.  In these instances, the PEMP will maintain the original plan based on project programme 

at the start of the turbine installation works (i.e. monitoring equipment connected to the ARL TTG).  

Decisions on how to proceed will be reviewed regularly in the lead up to installation.  The Advisory 

Group will be consulted on any further changes to the programme.  
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8 SYSTEM TESTING 

 2015 Field Trials 

Field trials were undertaken by SGDS and MeyGen in 2015. The SGDS field trials have informed the 

decisions on system architecture and can be read in full in the SGDS final report (Sparling et al. 

2016). 

The FLOWBEC field trials successfully: 

1) Tested sensor synchronisation software; 

2) Tested deployment methodology and accuracy in the Inner Sound; and 

3) Gathered baseline data to compare against post-installation data and EMEC data. 

The following tests will be carried out during the procurement, manufacture and assembly of the 

final monitoring system: 

 Cross-talk Tests 

Cross-talk tests were carried out during the FLOWBEC field trials (see section 5.7 Sensor cross-talk). 

Further tests are required to incorporate the Tritech Gemini in the system and with the 

synchronisation software. 

 

The process will be required to: 

 

• Develop Gemini interface with Tritech, then bench test; 

• Develop Teledyne interface (ARL turbine ADCP), then bench test; 

• Confirm synchronisation software developed with Signature 1000 works with Signature 500; 

• Assume 5 MHz ADV can be ignored as low power and high frequency; 

• Confirm AHH pods and nacelle ADCPs are out of range as minimum separation >~100m. 

• Verify synchronisation using tank testing. 
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 Media Converter Tests 

Bench test of bandwidth stability through the media converter (MC) located in the CMS. This test will 

be carried out before the MC is sent to ARL and assembled with the CMS. 

 

• Confirm setup, configuration, operation: 

o Use fibre optic attenuator to represent TSC and interconnect attenuation; 

• Verify 2-way communication from copper to fibre (establish communications link, time to 

establish link from power up); 

• Confirm bandwidth matches GigE specification (measured bandwidth of file transfer over a 

few minutes): 

o Where possible, use instruments to generate representative bandwidth; 

o If instruments not available, use packet capture and generation; 

• Confirm latency with and without high bandwidth operation (ping summary report over a 

few minutes); 

• Confirm power consumption under operation (point current measurements over a few 

minutes); 

• Confirm lower voltage operation range (voltage at link dropout, voltage required to re-

establish link, time to establish link). 

 System Testing 

At the assembly facility a full system test can be carried out with all sensors including the TSS 

Junction Box and shore-side PC hardware. 
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9 DATA MANAGEMENT AND REPORTING 

 Data Storage  

The monitoring equipment will be connected to computers located in the PCUB at the Ness of 

Quoys. 

Due to the connection bandwidth available at the Ness of Quoys PCUB, large volumes of data 

created by the monitoring equipment will not be able to be uploaded to other locations. Large data 

transfers will need to be done in person, swapping over hard-drives at the Ness of Quoys on a 

regular basis. It should be possible to transfer smaller data packages to remote location to provide 

some processed data and system performance monitoring.  Furthermore, remote dial-up works well, 

where it is possible to take control of the local computer and view the data.   

A summary of the data processing and handling requirements for monitoring equipment is discussed 

briefly below. Further details on the SGDS shoreside set-up can be found in Sparling et al. (2016). 

9.1.1 PAM 

A PC located in the PCUB will run the PAMGuard software. Raw data from the 12 hydrophones will 

not typically be stored as data rates are too high (TB a day) or would not be transferrable to remote 

locations.  PAMGuard detections and short recordings either side recorded as binary data packages 

will generally be small enough to be transferrable on an adequate bandwidth. This approach will 

enable basic data to be reported (number/time of detections) and data quality to be checked. Longer 

recordings may be required to assist system management.  

Larger recordings, triggered by detections and other operational data collected by the software 

required for off-site maintenance and quality assurance, will be collected from the PCUB on a regular 

basis. 

9.1.2 AAM 

A computer located in the PCUB will run the real time data processing, detection and classification 

software.  

Each detection will produce a summary detection file, including timing, location, and velocity. It is 

anticipated that sonar image data will be continually recording during the initial commissioning 

phase to determine system capabilities. The AAM should then be able to switch to a more data 

efficient process using automated detections to select and save a summary detection file and the 

associated raw data. 

Summary files should be small enough to be downloaded to off-site location, which will provide the 

opportunity for a regular 4 week reporting schedule. 
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9.1.3 TSS Video Cameras 

The bandwidth requirements for twin video cameras is 4 MB s-1 which equates to circa 350 GB per 

day. An initial commissioning phase will collect continuous data (approximately 1 month) before data 

recording will be limited to daylight hours. Video files will be available for cross examination against 

PAM and AMM detections. 

9.1.4 FLOWBEC 

FLOWBEC raw data volumes are feasible for continuous acquisition and storage on site, totalling 

approximately 2 TB per year. Post-processing, decompression and back up will be performed off-site 

onto a larger disk array. A remote connection will be used for configuration, duty cycling and status 

checking. Manual exchange of disks or download of data can be used if the remote connection 

bandwidth is insufficient for remote data download. 

Table 5 below lists summary data outputs. The raw datasets can be used for detection, triggering, 

classification and identification algorithm development. The results of more detailed analyses will 

also be useful for site comparisons, development of predictive tools, and training datasets. 

Instrument Raw volume (GB/Year): Summary output: 

EK60 150 Target distributions and classification 

Turbulence bulk statistics and morphology 

Multibeam 1700 Target distributions and classification 

Track events and summary statistics 

ADV 70 Near-bed velocity and turbulence characteristics 

Fluorometer 1 Fluorescence and turbidity 

HiCUP ADCP 3 Contextual velocity for target tracking 

Table 5 Summary data outputs 

 

 Reporting 

The Head of Environmental and Consents will collate reports on a 4 week cycle (see Table 3) from 

the SGDS, University of Aberdeen, and MeyGen and report these to the Advisory Group based on the 

S.36 Consent conditions.  Template reports are currently being produced, and example templates 

will be added to the PEMP once finalised.   

There will be a review period after the first 8 weeks of full turbine operation. 

The reports will provide the data and results from the monitoring.  This will then be used by the 

Advisory Group to address the PEMP objectives, which are: 

• To detect and quantify potential avoidance and collision rates for Harbour seals, and verify 

and improve the accuracy of collision/encounter rate models; and 

• To provide sufficient monitoring data for impact assessment to allow each subsequent stage 

of the Development to proceed.   
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10 LICENCES AND LEGAL REQUIREMENTS 

The licence and legal documentation associated with the Development and pertinent to the PEMP is 

shown below: 

Licence / Consent Legislation Granted 

Section 36 Consent Electricity Act 1989 09/10/2013 

Marine Licence (04577/14/0) Marine (Scotland) Act 2010 31/01/2014 

Marine Licence (05647/15/0) Marine (Scotland) Act 2010 04/09/2015 

Decommissioning Programme Energy Act 2005 Submitted 

Table 6 Licences 
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11 LINKAGES WITH OTHER CONDITIONS 

The PEMP is part of suite of consent related documents. Table 7 lists the documents and related 

conditions that are relevant to the PEMP.  

Table 7: Linkages with other conditions 

Condition Condition summary/Reason/stage 

development  

Linkage and Document 

S36 9 CMS details mitigation measures to prevent adverse 

impacts to species and habitats during construction 

Reason - To ensure the appropriate construction 

management of the Development, taking into account 

mitigation measures to protect the environment and 

other users of the marine area. 

CMS must, so far as is reasonably practicable, be consistent with 

the PEMP, EMP VMP & NSP.  

S36 10 ECoW appointment from commencement of the 

Development until the Final Commissioning of Stage 

One of the Development 

Ensuring all works are carried out in accordance with the CMS, 

EMP, PEMP, VMP & NSP. ECoW will cover reporting on 

installation of monitoring equipment in line with CMS, EMP, 

VMP, NSP. Reporting on PEMP data, results and objectives will be 

the responsibility of the Head of Environment and Consents. 

S36 11 EMP covers monitoring through ALL stages of  the 

Development   

Reason - In the interests of protecting the 

environment.  

Environmental Management Plan (EMP) must, so far as is 

reasonably practicable, be consistent with any relevant 

monitoring requirements during construction taken from the 

PEMP.  The EMP details measures through all stages of the 

Development, to prevent adverse impacts including, but not 

limited to, marine mammals, birds, fish and habitats as outlined 

in Chapter 25 of the Company's Environmental Statement. 

S36 13 Reason: to ensure effective research and monitoring is 

undertaken and to review the objectives, outputs and 

timescales of the monitoring programme 

The AG will be in place throughout ALL phases of the 

Development  

Establish an Advisory Group, which oversees the PEMP under the 

Advisory Group Terms of Reference. 

S36 14 Reason: to minimise the disturbance to seal haul outs, 

marine mammals and basking sharks as well as 

consideration of mitigation measures for cork screw 

injuries to seals 

VMP applies to the construction and operation of the 

Development  

Vessel Management Plan (VMP) must, so far as is reasonably 

practicable, be consistent the PEMP, EMP, CMS & NSP. 

S36 15 Reason: to mitigate the impacts of operations and 

maintenance and to fully inform any mitigation and 

monitoring requirements for natural heritage 

interests. OMP applies to operation phase of the 

Development 

Operations and Maintenance Programme (OMP). 

S36 16 Reporting Protocol for the Discovery of Marine 

Archaeology. Applies to ALL phases of the 

Development 

Within the Environmental Management Plan (EMP) 

S36 17 Reason: in the interest of safe navigation  Navigation Safety Plan (NSP) 

ML 3.1.3 Notification of Vessels Requirement covered in Construction Method Statement (CMS) 

Vessel Management Plan (VMP) 

ML 3.2.1.1 EMF Best Practice Report Requirement covered in EMF Best Practice Report 

ML 3.2.1.3 Marine Pollution Contingency Plan Requirement covered in Environmental Management Plan 

ML 3.2.1.4 Notification of Commencement Requirement covered in Construction Method Statement 

ML 3.2.1.5 ECoW applies to installation and commissioning  Ensuring all works are carried out in accordance with the CMS, 

EMP, PEMP,VMP &  NSP. ECoW will cover reporting on 

installation of monitoring equipment in line with CMS, EMP, 

VMP, NSP. Reporting on PEMP data, results and objectives will be 

the responsibility of the Head of Environment and Consents. 

ML 3.2.1.6 Promulgation of navigation warnings Requirement covered in Navigation Safety Plan 

ML 3.2.1.7 Marine Mammal Observer Requirement covered in Environmental Management Plan 

ML 3.2.1.8 Cable Installation Plan Requirement covered in Construction Method Statement 

ML 3.2.1.9 Cable Protection Plan Requirement covered in Construction Method Statement 
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ML 3.2.2.1 Transport Audit Sheets Requirement covered in Construction Method Statement 

ML 3.2.2.2 Notification of Deposits Requirement covered in Construction Method Statement 

 

Table 8 below shows how the PEMP sits with the other project plans during the different stages of 

the project. 

Table 8: Project plans and how they apply during each stage of the development 
process 

Stage of development  
EMP PEMP OMP CMS  VMP NSP EMF DP 

Pre-construction  Yes  Yes No  No Yes  Yes No No  

Construction  Yes Yes No Yes Yes Yes  Yes No 

Operation & Maintenance  Yes Yes Yes  No Yes  Yes  Yes No  

Decommissioning Yes Yes Yes  No Yes  Yes  Yes Yes  
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12 PEMP REVIEW AND CONSULTATION 

Under Condition 12 of the S.36 Consent the PEMP will be submitted for approval by Scottish 

Ministers, in consultation with SNH and any other ecological, or such advisors as the Scottish 

Ministers require. 

Any changes the PEMP deemed necessary (working methods or procedures) must be submitted for 

approval to the Scottish Ministers (see Figure 14) and reviewed by the Scottish Ministers, SNH and 

the Advisory Group. Any amendments to the PEMP must be approved by the Scottish Ministers. 

The PEMP must be regularly reviewed by the Scottish Ministers, at timescales to be determined by 

the Scottish Ministers, in consultation with SNH and the Advisory Group. Following such review, the 

Scottish Ministers may, in consultation with SNH and the Advisory Group, require the PEMP to be 

amended for the approval of Scottish Ministers, in consultation with SNH and any other ecological, 

or such other advisors as required at the discretion of the Scottish Ministers. The PEMP will be 

submitted to the Scottish Ministers for distribution to the Advisory Group. 

Version control will be conducted by the revision review block on the front page of the PEMP. 

 

 

Figure 14: PEMP Change Process 
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13 LIST OF ABBREVIATIONS  

Abbreviation  

ARL Atlantis Resources Limited  

AHH Andritz Hammerfest Hydro 

CMS Construction Method Statement 

DP  Decommissioning Programme 

ECoW Ecological Clerk of Works 

EIA Environmental Impact Assessment 

EMP Environmental Management Plan 

ES Environmental Statement 

NSP Navigation Safety Plan 

OMP Operations and Maintenance Programme 

ML Marine Licence under the Marine (Scotland) Act 2010 

PCUB Power Conversion Unit Building 

PEMP Project Environmental Monitoring Programme 

SEIS Supplementary Environmental Information Statement  

SNH Scottish Natural Heritage 

S.36 Section 36 of the Electricity Act 1989 

TSC Turbine Submarine Cable 

TSS Turbine Support Structure 

TTG Tidal Turbine Generator 

VMP Vessel Management Plan 
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APPENDIX A: CONDITION 12 OF SECTION 36 CONSENT 

The Company must, no later than 3 months prior to the Commencement of the Development, 

submit a Project Environmental Monitoring Programme (“PEMP”), in writing, for the approval 

of the Scottish Ministers, in consultation with SNH and any other ecological, or such other 

advisors as required at the discretion of the Scottish Ministers. The PEMP must set out the 

measures of monitoring the environmental impacts of all stages of the Development, including 

the pre-construction, construction, and operational stages. 

The PEMP must be regularly reviewed by the Scottish Ministers, at timescales to be determined 

by the Scottish Ministers, in consultation with SNH and the Advisory Group referred to in 

condition 13 of this consent. Following such review the Scottish Ministers may, in consultation 

with SNH and the Advisory Group, require the Company to amend the PEMP and submit such 

an amended Programme to them, in writing, for their approval, in consultation with SNH and 

any other ecological, or such other advisors as required at the discretion of the Scottish 

Ministers.  

The monitoring set out in the PEMP or, as the case may be, an amended PEMP, (which must be 

agreed by the Scottish Ministers, in consultation with SNH and any other ecological, or such 

other advisors as required at the discretion of the Scottish Ministers), must be implemented by 

the Company. The Company must submit written reports of such monitoring to the Scottish 

Ministers at timescales to be determined by the Advisory Group. In particular, the following 

aspects should be considered and advice provided regarding the monitoring of the following 

aspects: 

a) Hydro dynamics / benthic surveys, export cable route and turbine locations and 

modelling to validate EIA predictions;  

b) Collision / encounter interactions with the tidal turbines for diving birds, marine 

mammals and fish of conservation concern;  

c) Disturbance and displacement of birds, marine mammals and basking sharks during 

construction and operation. This must also link to the species protection plan for seals 

at haul outs; and  

d) Migratory salmonids  

Subject to any legal restrictions regarding the treatment of the information, the results must 

be made publicly available by the Scottish Ministers, or by such other party appointed at their 

discretion.  
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1. INTRODUCTION 

 MeyGen Limited.  1.1

MeyGen Ltd (“MeyGen”) is a Scottish registered company created in 2010 for the purpose of developing 
the MeyGen project.  MeyGen is a wholly owned subsidiary of the Atlantis Group. 

MeyGen has an in-house development team with a broad range of expertise and experience in offshore 
energy project development and managing the successful installation of tidal energy devices.  

 Consented Project 1.2

MeyGen was awarded an Agreement for Lease for the Inner Sound tidal development site by The 
Crown Estate (TCE) in 2010.  The Inner Sound Agreement for Lease is for the installation of 398MW 
tidal stream energy capacity by 2020. The Inner Sound is the body of water in the Pentland Firth 
between the north coast of the Scottish mainland and the island of Stroma.  

Phase 1 of the project, which will have a maximum aggregated capacity of 86MW, with up to 61 tidal 
turbines, was granted consent by the Scottish Government (Application ref 130901 - 009/TIDE/MGIS1 - 
6). The associated onshore infrastructure at the Ness of Quoys was granted consent by The Highland 
Council (Application reference 12/02874/FUL1). 

To summarise, the project included: 

 Up to 61 tidal turbine generators (TTG) (maximum generating capacity of 86MW) with 
associated turbine support structure (TSS); 

 Individual Turbine Submarine Cables (TSCs) to shore via HDD bores; and 

 An onshore Power Conversion Centre (PCC). 

 Description of the Phase 1a Project 1.3

The following section describes Phase 1a infrastructure. 

 Tidal Turbine Generators 1.3.1

Phase 1a will consist of 4 Tidal Turbine Generators (TTG)2, including 3 Andritz Hammerfest Hydro and 
1 Atlantis Resources Ltd. The turbines are 1.5MW rated capacity with a rotor diameter of 18m. The TTG 
will be installed on the Turbine Support Structures (TSS) from a DP vessel using a heavy lift crane. 

 Turbine Support Structure 1.3.2

The TTG will be supported on Gravity-base TSS. The Gravity-base TSS require no drilling operations to 
secure them to the seabed. The TSS will be installed from a DP vessel using a heavy lift crane.  
 

 Turbine Submarine Cable 1.3.3

Each TTG will have a dedicated Turbine Subsea Cable (TSC) to shore. The TSC will be brought 
onshore via individual Horizontal Directional Drilled (HDD) bores. The HDD bore exits on the seabed will 
be approximately 700m from shore. The TSC will be pulled through bore to onshore before being laid on 
the seabed to the TTG using a cable installation vessel. Given the scoured bedrock seabed, the TSC 
will not be buried. 

                                                      
1 MeyGen were also granted consent for the Ness of Huna (Application reference 12/02875/FUL) however, MeyGen plan to take 
the Ness of Quoys site forward for Phase 1. 

2 The MeyGen Project Phase 1 is limited to up to 6 turbines in Phase 1a, under the Section 36 consent conditions.  
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 Onshore Infrastructure 1.3.4

Phase 1a will require an onshore converter, transformer and switchgear to be house in Power 
Conversion Unit Building (PCUB) at the Ness of Quoys. The TSC will be terminated in the PCUB before 
the electricity generated will be exported to the local distribution network via a 33kV underground cable.  

 Programme 1.3.5

The high level construction programme for Phase 1a is as follows: 

 Onshore civil infrastructure and HDD Q4 2014 - Q1 2015 

 TSS installation    Q2 2015  

 TSC installation    Q3 2015 

 TTG installation    Q4 2015 - Q1 2016 

 MeyGen Advisory Group 1.4

The MeyGen Advisory Group (AG) was set up on 27th November 2013 in accordance with Condition 13 
of the Section 36 consent conditions. 

The AG is designed, amongst other duties, to oversee the development and implementation of the 
Project Environmental Monitoring Programme (PEMP). The membership includes representation from 
MeyGen Ltd., Marine Scotland Licensing Operations Team (MSLOT), Marine Scotland Science (MSS), 
Marine Scotland Planning and Policy (MSPP), Scottish Natural Heritage (SNH) and The Crown Estate 
(TCE). Full details are available in the Terms of Reference. 

 MeyGen AG Workshop 28th January 2014 1.4.1

A workshop was held at SNH office in Battleby on 28th January 2014 to bring together regulators, 
stakeholder and academics to discuss monitoring requirements for Phase 1a of the project. The aim 
was to gather as much information on current and planned research in the areas identified for the 
MeyGen PEMP and facilitate the discussion to evaluate potential integrated monitoring solutions for 
multiple receptors. The results of the workshop are collated in a workshop document and summarised 
and reviewed in section 4 of this document. 

 Purpose of the Document 1.5

The Steering Report is designed to refine the consent conditions to objectives and concepts for the 
development of the PEMP. The report takes the lessons learnt from previous research and identifies 
where current and planned research will contribute to meeting the needs of the consent conditions and 
wider industry questions. Bringing these together, the report recommends more specific objectives, 
which can be taken forward and developed for the PEMP and are appropriate for addressing the 
consent conditions.  
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2. STRATEGIC OBJECTIVES 

The following section outlines the strategic objectives for the MeyGen PEMP and for each sensitive 
receptor. These are based on: 

1. The project Environmental Statement, Habitats Regulations Appraisal and Supplementary 
Environmental Information Statement; 
 

2. Section 36 consent conditions under the Electricity Act 1989; 
 

3. Marine Licence conditions under Marine (Scotland) Act 2010; 

Section 3 reviews research that will meet some of the strategic objectives; section 4 summarises the 
known monitoring technology and techniques and their development requirements. These two sections 
provide evidence to refine the strategic objectives to operational objectives (section 5) and a broad 
monitoring proposal outlined in section 6 for the PEMP.  

 Strategic PEMP Objectives 2.1

There are a number of conditions that relate to the PEMP; however there are two directly relevant 
conditions. Condition 2 of the Section 36 consent, which restricts the Project to up to 6 turbines, is 
designed to prevent significant adverse impacts to the environment (in particular harbour seal and 
Atlantic salmon). The restriction to 6 turbines is based on the risk of significant adverse impacts on the 
current harbour seal population within the Orkney and North Coast Management Unit.  

Whilst Condition 2 is in place and to provide information to allow the Project to move past this 
restriction, the MeyGen PEMP broad objectives are to: 

1. Generate sufficient understanding of the environmental interactions and uncertainties that have 
limited this phase of the consent to six turbines that will allow the determination of a next, larger 
phase. 

 
2. Provide monitoring data to ensure compliance with consent/ licence requirements, to inform 

future determination of applications and to inform the emerging tidal industry.  
 

3. Evaluate the effectiveness and suitability of the monitoring methods, and to modify and revise 
when considered necessary. 
 

4. Evaluate the effectiveness and suitability of any mitigation applied. 
 

Condition 12 states the following aspects should be considered and advice provided regarding the 
monitoring of the following aspects: 

a) Hydro dynamics / benthic surveys, export cable route and turbine locations and modelling to 
validate EIA predictions; 

b) Collision / encounter interactions with the tidal turbines for diving birds, marine mammals and 
fish of conservation concern; 

c) Disturbance and displacement of birds, marine mammals and basking sharks during 
construction and operation. This must also link to the species protection plan for seals at haul 
outs; and 

d) Migratory salmonids 

 SNH Recommendations 2.2

The following table is taken from the SNH document distributed to the MeyGen AG. In some instances 
these represent fundamental monitoring objectives required for the development of the tidal industry.  
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The strategic PEMP objectives and the SNH recommendations should be reviewed in the context of the 
current knowledge and understanding of the receptors, monitoring technology and techniques and the 
size of Phase 1a (four turbines). 

Receptor Objective 

Harbour seals 

Collisions between harbour seals and the operational turbines, should 
they occur, are detected and quantified, to verify and improve the 
figures used in the encounter/collision rate models. 
The rate of fatal collisions3 with the operational turbines, should they 
occur, are at level lower than the harbour seal PBR for the Orkney and 
North Coast Management Unit. 
To detect and quantify potential disturbance and / or displacement to 
harbour seals in the Inner Sound, both in the water and at haulouts, 
caused by the installation and operation of the MeyGen tidal array. 

Other marine mammals  

Collisions between marine mammals and the operational turbines, 
should they occur, are detected, quantified and identified to species 
level, to verify and improve the figures used in the encounter/collision 
rate models. 
The rate of fatal collisions with the operational turbines, should they 
occur, do not have a significant effect on the Favourable Conservation 
Status of the species. 
To detect and quantify potential disturbance and / or displacement to 
marine mammals in the Inner Sound, in the water and at haulouts, 
caused by the installation and operation of the MeyGen tidal array. 

Fish of conservation concern 

To further understand the interaction of fish, such as Atlantic salmon, 
with the operational turbines. 
The migratory routes of Atlantic salmon through the Inner Sound are not 
significantly changed as a consequence of the MeyGen tidal array 
installation and operation. 

Seabirds (shag and black 
guillemot) 

Collisions between diving birds and the operational turbines, should they 
occur, can be detected, quantified and identified to the species level. 
The installation and operation of the MeyGen tidal array does not cause 
significant disturbance or displacement to seabirds in the Inner Sound 

Physical processes 
The installation and operation of the MeyGen tidal array will not impede 
or modify the hydrodynamic processes in such a way that will cause 
change to the benthic community structure 

Benthic habitats and species 
The installation and operation of the MeyGen tidal array will not have a 
significant impact on the abundance, diversity and integrity of the 
benthic communities in the Inner Sound. 

Noise monitoring 
To monitor noise emitted from the operation tidal array and validate 
modelling outcomes in the ES. 

Table 2.1 SNH Objectives 

For each recommendation there are one or more key questions that need to be considered: 
 

 Marine mammals  2.2.1

MM 1 Is it possible to monitor the fine scale movements of marine mammals around tidal arrays? 

MM 2 
If collisions occur between marine mammals and operational tidal turbines, is it possible to 
quantify and identify collisions to the species level? 

MM 3 
If collisions occur, are these fatal (both immediate and delayed due to serious injury) to the 
species concerned?  

MM 4 Can monitoring be used to inform marine mammal avoidance rates? 

MM 5 
Does the installation and operation of the tidal array have a significant impact on the 
abundance and distribution of marine mammals in the Inner Sound? 

 

                                                      
3 Fatal collisions refer to fatalities that are immediate and delayed, and serious injuries 
resulting in reduced survival and / or reproduction. 
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 Fish of conservation concern 2.2.2

AS 1 Is it possible to monitor the fine scale movements of fish around tidal arrays? 

AS 2 
If collisions occur between fish and operational tidal turbines, is it possible to quantify and 
identify collisions to the species level? 

AS 3 If collisions occur, are these fatal to the species concerned? 
AS 4 Can monitoring be used to inform fish avoidance rates? 

AS 5 
Is there a Fish Aggregating Device (FAD) effect and is it linked to certain tidal / meteorological 
conditions?  

AS 6 
Does the installation and operation of the tidal array have a significant impact on the migratory 
behaviour of Atlantic salmon in the Inner Sound? 

 
 Seabirds 2.2.3

SB 1 Is it possible to monitor the fine scale movements of birds diving around tidal arrays? 

SB 2 
If collisions occur between seabirds diving and operational tidal turbines, is it possible to 
quantify and identify them to the species level? 

SB 3 If collisions occur, are these fatal to the species concerned? 

SB 4 
Can monitoring be used to inform avoidance rates for birds diving at this tidal turbine sites and 
other potential sites? 

SB 5 
Does the installation and operation of the tidal array have a significant impact on the 
abundance and distribution of seabirds in the Inner Sound? 

 
 Physical processes 2.2.4

PP 1 
Does the operational tidal array have a significant impact on the hydrodynamic processes in 
the Inner Sound? 

 
 Benthic habitats and species 2.2.5

B 1 
Does the installation and operation of the tidal array have a significant impact on the benthic 
communities found in the Inner Sound? 

 
 Noise monitoring 2.2.6

N 1 
Can noise measurements be taken to monitor the noise emitted from the operational tidal array 
to validate the outcomes of the noise modelling in the ES?  
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3. STRATEGIC, PLANNED AND ON-GOING RESEARCH 

There are a number of research work packages that have been commissioned, are on-going or are 
planned with the aim of improving understanding of the potential impacts of marine renewables on 
marine wildlife.  This work will help to provide important data on the receptors that could be impacted by 
marine energy developments, specific impacts of concern and data collection techniques required to 
help understand these potential impacts. 

The following section gives a review of the most relevant and prominent strategies. At the end of each 
section there is a review of the project and how it has helped the understanding of the questions from 
section 2, or could do for planned future projects.   

 Marine Scotland Scientific Research 3.1

Marine Scotland established the Marine Renewable Energy Programme (MREP)4 in 2011 to give 
scientific support to policy development and licensing of energy production from renewable sources. 

A Research Strategy5 has also been developed to show current research priorities that are planned for 
delivery to support the sustainable development of offshore renewable energy in Scotland's seas. 

 Marine Scotland Demonstration Strategy: Trialling methods for tracking 3.2
the fine scale underwater movements of marine mammals in areas of marine 
renewable energy development 

As a result of a number of reports and studies on the use of technology to track the fine scale 
movement of marine mammals in the marine environment it has been recommended that both active 
and passive sonar systems are trialled for the direct observations of potential collisions with tidal 
turbines. The use of pinger tags on seals in association with passive sonar was also a recommendation. 

The Demonstration Project research objectives are: 

 Suggest active sonar systems that would be appropriate for trialling at tidal sites. 
 
 Consider the capability of Passive Acoustic Monitoring (PAM) systems and acoustic tags to 

track vocalising cetaceans around tidal turbines. Where required, develop and test systems for 
possible experimental trials.   

 
 Evaluate the ability of the above technologies to detect potential collisions/impacts. 
 
 Explore the capabilities of the active sonar system of choice to track other marine wildlife, 

specifically birds, basking sharks and migratory fish.  
  
 Undertake experimental trials of the recommended technologies at high energy tidal sites to test 

their feasibility for direct observation of marine mammal movements. As part of the trials, 
consideration should be given to the logistics and technical requirements of placing these 
devices on, or close to, tidal devices. 

 
 Following the experimental trials, develop a monitoring strategy which can be applied at high 

tidal energy sites. This strategy should be capable of delivery by regulators or developers. A 
specific strategy for an agreed site in Scottish waters should be prepared in collaboration with 
Marine Scotland/Marine Scotland Science. 
 

MeyGen has had brief discussions regarding using the Inner Sound and the Project as the basis of the 
trials. The project is due to commence in June 2014 and be completed by December 2015; this 
programme is aligned with Phase 1a, which would enable the testing of the systems and techniques in 
                                                      
4 http://www.scotland.gov.uk/Topics/marine/marine-environment/smrrg 
5 http://www.scotland.gov.uk/Topics/marine/marineenergy/ris 
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the Inner Sound prior to turbines being installed on site. Further discussions are required on the 
involvement of MeyGen, but it is an excellent opportunity to meet a number of the strategic objectives. 
 
The Demonstration Strategy provides an important step in developing and testing the technology and 
techniques that could be used to monitor operating turbines in the Inner Sound. The table below 
identifies the questions which the Demonstration Strategy scope should be able to provide data for.  
 
MM 1 Is it possible to monitor the fine scale movements of marine mammals around tidal arrays? 
AS 1 Is it possible to monitor the fine scale movements of fish around tidal arrays? 
SB 1 Is it possible to monitor the fine scale movements of birds diving around tidal arrays? 
 
The second table below identifies areas which the Demonstration Strategy might be able to provide 
useful information on, but these are not technically covered by the project’s scope. 
  
MM 2 If collisions occur between marine mammals and operational tidal turbines, is it possible to 

quantify and identify collisions to the species level? 
MM 3 If collisions occur, are these fatal (both immediate and delayed due to serious injury) to the 

species concerned?  
AS 2 If collisions occur between fish and operational tidal turbines, is it possible to quantify and 

identify collisions to the species level? 
AS 3 If collisions occur, are these fatal to the species concerned? 

SB 2 
If collisions occur between seabirds diving and operational tidal turbines, is it possible to 
quantify and identify them to the species level? 

SB 3 If collisions occur, are these fatal to the species concerned? 

 Marine Scotland research on Atlantic salmon, Sea trout and European eel 3.3

Marine Scotland Science (MSS) report, The Scope of Research Requirements for Atlantic salmon, Sea 
trout and European eel in the Context of Offshore Renewables6, outlines the areas of uncertainty with 
these species especially with regard to the novel potential impacts of marine renewable energy devices. 
 
The following uncertainties have been identified for Atlantic salmon: 
 

 There is no information on the behaviour (including swimming depths, speeds and 
nearshore/offshore movement) of post-smolts in the Scottish context. This is a particular issue 
for east coast rivers and coastal areas which differ markedly in their geography from Norwegian 
systems. 

 There are currently no data on the migratory routes or geographical distribution of post smolts in 
the North Sea. 

 
 It is uncertain whether adults or post-smolts migrate through the area around Orkney and 

Shetland or if the Pentland Firth is the preferred or only route used. 
 
 There is currently no information on the swimming depths utilised by adult fish in Scottish 

coastal waters. 
 

 There is substantial uncertainty as to the mechanisms and routes by which adult salmon home 
to and around the Scottish coast to the proximity of their natal rivers. 

 
 There is limited information on the timing of migration for both juvenile and adult fish for specific 

locations on the Scottish coast. 
 
A tagging study of Atlantic salmon began in summer 2013 looking at depth use in Scottish coastal 
waters and is summarised in section 3.4. 
 

                                                      
6 I A Malcolm, J D Armstrong, J D Godfrey, J C Maclean and S J Middlemas (2013) Marine Scotland Science Report 05/13 The 
Scope of Research Requirements for Atlantic Salmon, Sea Trout and European eel in the Context of Offshore Renewables. 
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The report also identifies EMF, noise and strike as the most significant potential impacts from marine 
renewable energy devices. Some research, building on existing knowledge, is currently in progress: 
 

 EMF; where, internally commissioned work is underway to provide information on the behaviour 
of salmon and eels in relation to EMF. 
 

 Noise; where, a report on the ability of juvenile and adult Atlantic salmon to hear underwater 
noise is due for publication shortly. Further laboratory and field studies are also planned for 
2014, with the aim of assessing potential implications of pile driving on Atlantic salmon 
behaviour and physiology. This work will be carried out throughout 2014 and reported on in 
early 2015. 
 

 A project is also underway to collate available information on smolt emigration time across 
Scotland with a view to assessing sensitive times for offshore construction work. 

 
MSS, is currently finalising a National Strategy report, which will provide information on the current 
funding and reporting timelines for each of the priority areas identified in the scoping report and from 
workshops with developers, conservation bodies and the wild migratory fishing industry. 
 
MSS released a summary7 of the stakeholder engagement held as part of the scoping exercise. MSS 
has now set up a Steering Group to develop the National Research and Monitoring Strategy for 
Diadromous Fish (NRMSD) with the identified priority research areas. 
 
The NRMSD should provide strategic information on the behaviour of Atlantic salmon in the marine 
environment that will increase the understanding for question AS 6. 
 

AS 6 
Does the installation and operation of the tidal array have a significant impact on the migratory 
behaviour of Atlantic salmon in the Inner Sound? 

 Marine Scotland Atlantic salmon tagging study 3.4

In 2013 MSS began a tagging study of Atlantic salmon. The objective was to gather information on 
swimming depths in the North of Scotland. The Armadale netting station was used to capture and tag 50 
1 Sea Winter (1SW) / Multi Sea Winter (MSW) individuals. 

Pop-up satellite tags were used, programmed to detach between 1 and 10 days. They transmit when 
they reach the surface and get a satellite fix. The tags record depth and temperature data and a GPS fix 
for the location of transmission. 

The project had 44 returned locations, mainly coastal but some returned to rivers and some 100km 
offshore (up to 55km/day travel rates). Depth range recorded show that those tagged individuals 
predominately inhabit the top 5m, but there was variability and all individuals undertook deep dives at 
some point. 

MSS plan to undertake another survey in 2014 using longer deployments. 

Complementary genetic research will help identify home rivers. 

The study has helped prove the viability of tagging and tracking numerous Atlantic salmon helping 
increase the understanding of their behaviour in the marine environment and potential interaction with 
tidal energy projects which, will continue in 2014 (AS 6). 

AS 6 
Does the installation and operation of the tidal array have a significant impact on the migratory 
behaviour of Atlantic salmon in the Inner Sound? 

                                                      
7 http://www.scotland.gov.uk/Publications/2014/03/5596 
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 SMRU Seal Tagging in the Inner Sound 3.5

SMRU have tagged 19 grey seal pups and 13 adult harbour seals in the Inner Sound/Stroma. 

The results indicate that the tagged grey seals show little site fidelity and are wide ranging individuals 
(Shetland and East Scotland). 

Harbour seals show greater fidelity to the local area (the Pentland Firth and Orkney waters) however 
there is a highly individual pattern to foraging (some exclusively Pentland Firth, others west coast of 
Orkney). Within the Pentland Firth individuals have shown foraging behaviour varying between 
extensive use of the tidal areas, to using a narrow strip of coastal waters very close to shore.  

The tagging study has provided valuable data on harbour and grey seal behaviour and also provides 
information and experience for future tagging work for more project specific needs with regard to MM 1 
and MM 5. 

MM 1 Is it possible to monitor the fine scale movements of marine mammals around tidal arrays? 
MM 5 Does the installation and operation of the tidal array have a significant impact on the 

abundance and distribution of marine mammals in the Inner Sound? 

 SMRU - Active Sonar at Siemens/MCT Strangford Loch  3.6

SMRU were contracted to review off the shelf sonar systems, with potential to detect marine mammals 
underwater.  Only 5 out of 228 systems (from 39 manufacturers) met the specification and only 2 were 
interested in cooperating in research and development of their system (BioSonics DTX and Tritech 
Gemini). 

SMRU completed behavioural response tests with grey seals, during which, the BioSonics system 
elicited a strong aversive reaction; apparently linked to the wide frequency band that the system 
produced along with the nameplate frequency. 

The Tritech Gemini was selected for further development and application at the SeaGen turbine in 
Strangford Loch. Development included producing systems to increase the accuracy/reliability of 
detections, classifications and tracking of marine mammals; with the secondary objective of significantly 
reducing the amount of data produced and resources required to analyse that data. 

Detection probability for seals was high at up to 30-40m beyond which detection rates dropped off 
significantly. 

Classification of a target was tested and the system produced false positives and false negatives; there 
were a large number of mobile targets (20/hour) that did not appear to be marine mammals and which, 
the classification system would therefore need to discriminate. 

The Strangford Loch system was attached to the pile of the SeaGen turbine looking out in one direction. 
Sonar swathe was limited at 120° horizontal and 20° vertical, therefore coverage was not 100% and the 
system was not able to cover the turbine blades. 

The system was able to reduce the amount of data produced with autonomous detection and 
classification however; data volumes were high and will need to be reduced further for a longer period of 
deployment. 

Recommendations for the future: 

 Validation of detection and classification – ground truthing; 

 Further software development for classification and kinematic modelling (reconstructing tracks); 

 Further development of species classification (e.g. harbour and grey seal); and  

 Development of a true 3D tracking system. 
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The system at Strangford Loch provided evidence that active sonar could provide valuable data on the 
near field interactions of marine mammals around a tidal turbine (MM 1). It also provided a benchmark 
and recommendations to improve the system for future deployments. 

MM 1 Is it possible to monitor the fine scale movements of marine mammals around tidal arrays? 

 FLOWBEC – NERC funded Consortium led by NOC 3.7

The project built a self-contained, portable unit that can sample and monitor hydrodynamic conditions 
and biological activity over a full neap/spring 2 week cycle at up to 8 measurements a second. Five 2 
week deployments were completed at the EMEC wave and tidal site in Orkney. The unit was deployed 
in front of the non-operating OpenHydro turbine and the Atlantis substructure (no turbine present) at the 
EMEC tidal site. 
 
Contained: 

 3 EK60 echosounders (38, 120, 200Hz), for bird and fish abundance, school behaviour; 

 Multibeam sonar; interactions of fish, diving seabirds, marine mammals with renewable energy 
devices, target tracking, avoidance behaviour; 

 ADV, current and temperature; and  

 Fluorometer for plankton. 

Multibeam sonar was selected to be low-budget, low-data-rate, low-battery-power, which gives a lower 
quality image than other systems but this permits a self-contained power and data unit. The EK60s are 
able to increase the power of target detection with the multibeam able to track diving birds feeding 
beneath shoal of fish. 
 
The FLOWBEC system has been able to provide data on the use of vertical water column that would 
increase the understanding of collision risk for sensitive receptors. 

If the system was deployed prior to installation and during operation, it should also detect changes in 
habitat usage for sensitive receptors. 

Further development could allow synchronisation and intelligent triggering of instruments across 
multiple scales: 

 Combines large-scale with fine-detail (low power multibeam with camera system for collision 
detection) 

 Reduces data processing / archival 

 Co-registered, synchronised datasets 

 Cycle passive / active acoustics 

FLOWBEC has provided evidence that active sonar could provide valuable data on the near field 
interactions of diving birds around a tidal turbine (SB 1). The use of the EK60s also meant that shoaling 
fish could be tracked and identified (AS 1 & AS 2). It also provided recommendations to improve the 
system for future deployments. 

AS 1 Is it possible to monitor the fine scale movements of fish around tidal arrays? 

AS 2 
If collisions occur between fish and operational tidal turbines, is it possible to quantify and 
identify collisions to the species level? 

SB 1 Is it possible to monitor the fine scale movements of birds diving around tidal arrays? 
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 EMEC Integrated Monitoring Pod 3.8

Under the ReDAPT project (funded by ETI), EMEC has designed, built and operated an integrated 
environmental monitoring pod. 

The unit is cabled to shore and includes real-time measurement equipment for currents, directional 
acoustics, temperature, salinity, turbidity and a bespoke sonar system, linked to output from device-
mounted video camera. A cabled system was chosen in order to facilitate long-term 24/7 real-time data 
collection. 

The unit was successfully commissioned and operated for an initial six months. It was then retrieved 
from the deployment site and is now no longer part of the ReDAPT project, having been transferred to 
EMEC ownership. 

EMEC has secured funding for further development of the system from the Marine Renewables 
Commercialisation Fund (MRCF) array technology innovation programme. The funds are to review the 
technology to be installed on the pod, implement some upgrades, redeploy the pod, collect the data and 
analyse. 
 
The EMEC platform will be another integrated monitoring system that will help understand the fine scale 
movement of potentially all sensitive receptors (MM 1, AS 1 & SB 1).  
 
MM 1 Is it possible to monitor the fine scale movements of marine mammals around tidal arrays? 
AS 1 Is it possible to monitor the fine scale movements of fish around tidal arrays? 
SB 1 Is it possible to monitor the fine scale movements of birds diving around tidal arrays? 
 

 Black Guillemot and Shag tagging – Dr Elizabeth Masden, Environmental 3.9
Research Institute 

Black Guillemot 

Objective was to assess habitat use and potential overlap with proposed tidal turbines using GPS (i-
gotU/Ecotone) and TDR (Cefas G5) tags on Black guillemot from Stroma (2011/12). 

The project had limited success with not many tags recovered or data retrieved. Data that was 
recovered showed individuals taking dives to an average depth of 32m and maximal dive duration of 
131 seconds. The Ecotone GPS tags show individuals travelling a maximum distance of 7.6km form the 
nest. 

Lessons learnt regarding the practicalities of tagging Black guillemot on: 

 Size of tags available 

 Trapping and re-trapping 

 Attachment methods 

 Weather and locations of nests on Stroma 

An RSPB Black guillemot project on Shapinsay learnt from ERI experience: 

 Used Ecotone base station 

 Remote download of data 

 Smaller GPS loggers from Ecotone 

 8 birds tracked from 10 tags, 2 immature and 6 adults 

 Tracked for up to 10 days 
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Shag 

Objective was to assess habitat use and potential overlap with proposed tidal turbines using GPS (i-
gotU) and TDR (Cefas G5) tags on Shag from Stroma (2012/13). 

The project had limited success with not many tags recovered or data retrieved. Data is being analysed 
against tidal data. 

The two studies have showed the difficulty of tagging these particular species, but there is confidence 
now that having gone through this process that there is a more robust system that will provide data on 
individual tracks and dive depths. 

The study has begun to show that tagging of these key species is feasible, with populations accessible 
close to the site. This provides an opportunity for future tagging work either in relation to collision risk 
(SB 1) or disturbance and displacement (SB 5) 

SB 1 Is it possible to monitor the fine scale movements of birds diving around tidal arrays? 
SB 5 Does the installation and operation of the tidal array have a significant impact on the 

abundance and distribution of seabirds in the Inner Sound? 

 Pentland Firth Initiative – University of Highland and Islands (Professor 3.10
Stuart Gibb)  

The project, based in the Environmental Research Institute, will focus on the migratory patterns of the 
species in the Pentland Firth, a key area for the salmon and the location of a series of major marine 
renewable developments. 
 
The initial focus of the study will be on mapping salmon migration in northern coastal waters. The 
project will use new information on the complex water movements in this region to help with this. As part 
of the research, scientists will collect field data on the effects the construction and operation of marine 
renewable energy developments may have on the fish’s behaviour. They will seek to find out if noise 
and other aspects affect the species8. 
 
As part of the research, scientists will collect field data on the effects the construction and operation of 
marine renewable energy developments may have on the fish’s behaviour. They will seek to find out if 
noise and other aspects affect the species. 
 
The priority for the initiative is to better understand Atlantic salmon migration in the Pentland Firth region 
(AS 6) 
 
AS 6 Does the installation and operation of the tidal array have a significant impact on the migratory 

behaviour of Atlantic salmon in the Inner Sound? 

 Particle tracking to simulate Atlantic salmon movement in the Pentland 3.11
Firth – Dr Andrew Guerin, Environmental Research Institute9 

The main objective of the project was to assess whether particle tracking models (PTMs) represent a 
viable approach for estimating the potential for interactions between salmon and renewable energy 
developments, particularly in the Pentland Firth.  

The project conducted a PTM demonstration looking at the returning migration of adult salmon through 
the Pentland Firth to the east coast rivers. It concluded that it was a viable method to inform the 
probability of salmon passing through a specific tidal energy site, encounter risk with turbines and the 
cumulative impact of multiple sites.  

                                                      
8 http://www.northhighland.uhi.ac.uk/study-to-explore-impact-of-marine-renewables-on-iconic-fish 

9 Guerin, A.J., Jackson, A.C., Bowyer, P.A. and Youngson, A.F. 2014. ‘Hydrodynamic models to understand salmon migration in 
Scotland.’ The Crown Estate, 116 pages. ISBN: 978-1-906410-52-0. 
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The PTM has several advantages for estimating likelihood of passage through development sites: 

1. A range of underlying hydrodynamic models may already be available. 

2. In the absence of empirical data, modelling would allow exploration of the effects of different 
behaviours and tidal or meteorological conditions on encounter rate. 

3. Modelling may allow hydrodynamic changes resulting from turbine operation to be predicted. 

4. The approach has potential to generate hypotheses for testing in the field. 

Several improvements are suggested that would be required to develop this approach into a useful tool 
for impact assessment, including collection of empirical data to support the models. PTMs could start to 
use data from the more recent tagging projects to improve the behavioural data used in the PTM. This 
approach would help answer AS6. 

AS 6 Does the installation and operation of the tidal array have a significant impact on the migratory 
behaviour of Atlantic salmon in the Inner Sound? 

 Seal haul-out counts - SCOS10  3.12

SMRU carries out surveys of harbour seals and grey seals to contribute to the Natural Environment 
Research Council’s (NERC) statutory obligations under the Marine (Scotland) Act 2010 and the 
Conservation of Seals Act 1970. SMRU use various methods for haul-out counts.  

SMRU Harbour seal moult surveys  

Helicopter surveys 

This method is generally applied to survey parts of the Scottish coast each year and produces a 
complete estimate for the whole of Scotland approximately every five years. During the harbour seal 
moult in August, helicopter surveys are carried out using a thermal imager and is equipped with a dual 
telescope (x2.5 and x9 magnification).  

A digital video camcorder, attached to the imager, provides a real colour image to match the thermal 
image. Both images are displayed continuously on a monitor placed in front of the camera operator and 
simultaneously recorded to a digital video recorder. Seals are detected and counted on the monitor 
using the thermal image. For each sighting the location, time, species and number of seals are recorded 
directly onto Ordnance Survey 1:50 000 maps. 

Since 2006, most groups of seals are also photographed using a digital SLR camera equipped with an 
image-stabilised 70-300mm lens. In general, differentiating between harbour and grey seals using a 
thermal image is possible on account of their different thermal profile, size and head-shape. When 
hauled out, their group structure also differs. 

To maximise numbers counted, surveys are carried out no more than two hours before or after the local 
low tide times occurring between approximately 12:00 and 17:30hrs local time. To further reduce the 
effects of environmental variables on number of seals counted, surveys are not carried out on rainy 
days. The thermal imager cannot ‘see’ through heavy rain and seals often abandon their haul-out sites 
and return to the water in medium to heavy prolonged rain. 

Fixed-wing surveys  

Certain areas on the east coast of Scotland (mainly the Moray Firth but also the Tay and Eden 
estuaries) are surveyed almost annually using fixed-wing aircraft, if not covered by the helicopter 
survey. The major seal haul-out sites in these areas are well known. They are often situated on 
sandbanks making it easier to spot seals without the help of a thermal imager. All groups of seals are 
photographed through the aircraft’s side windows using a handheld digital SLR camera and recorded 
onto paper maps.  

                                                      
10 SMRU (2012) Scientific Advice on Matters Related to the Management of Seal Populations: 2012 
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As described above for helicopter surveys these fixed-wing surveys are only carried out within certain 
tidal windows and in suitable weather conditions. 

SMRU grey seal pup surveys 

Grey seals return each year to traditional colonies to breed. Not only do females return to the same 
location within a colony, but they regularly return to the colony at which they were born. The timing of 
breeding varies around the Scottish coast. In each area, breeding occurs over approximately two 
months, with individual pups remaining on their breeding colony for approximately five weeks before 
departing to sea. A series of up to five aerial surveys are flown over the main breeding colonies by 
fixed-wing aircraft, at intervals of 10 to 13 days (weather permitting). Pups are counted from high 
resolution vertical aerial images and a maximum likelihood model is used to estimate the total number 
of pups born at each colony from the series of counts. Annual surveys were carried out up to 2010 and 
biennial surveys are continuing. 

Regular haul out counts could provide context to other aspects of the monitoring programme in 
identifying disturbance and displacement impacts from construction and potentially operation (MM 5). 

MM 5 Does the installation and operation of the tidal array have a significant impact on the 
abundance and distribution of marine mammals in the Inner Sound? 

 Strandings Data11 3.13

The Scottish Marine Animal Stranding scheme (SMASS) has provided information on marine mammal 
strandings since 1992. The scheme provides information on the cause of death of stranded animals, 
and patterns in the number, frequency and character of observed mortality. Strandings data contains 
biases, but identification and examination of carcasses at post mortem is the only way of establishing a 
definitive cause of death or proof of direct trauma. 

SMASS currently monitors stranded marine animals through projects funded by Marine Scotland and 
Defra. This covers the running costs of a passive surveillance network and funds a strandings co-
ordinator and veterinary pathologist. Cases are reported by members of the public, institutions and 
NGO’s, however, as with all opportunistic collected data, this suffers from low survey effort in sparsely 
populated coastal areas. To use strandings to measure trend, some index of survey effort is required. 
The Pentland Firth and Orkney are two areas with a lower than expected incidence of reported 
strandings. A potential solution would be to actively monitor target areas within these reporting ‘data 
holes’ by regular surveys of sentinel beaches to detect stranded animals. 

Identification of sentinel beaches, i.e. sites which are logistically and scientifically sensible locations to 
monitor is advised; however a reliable baseline is required against which any subsequent change can 
be measured. 

Scotland has had a stranding scheme in operation for over two decades (www.strandings.org) and the 
scheme is developing strategies to incorporate active monitoring into the current passive surveillance 
work. Consequently, any additional costs from the marine development industry would only be required 
for additional staff time rather than any substantial logistic or infrastructural investments.  

SNH had previous scoped work for Marine Mammal Strandings Scheme for Orkney and the Pentland 
Firth (Brownlow 2011, unpublished report to SNH). SNH are now considering options for a PFOW 
scheme, which would be contingent on securing a partnership with MS, TCE and/or industry. 

Post-mortem examination of stranded mammals may provide proof of collision events if they were to 
occur (MM 3). However, there is uncertainty regarding the feasibility of such a scheme given the size of 
Phase1a and the potential range of stranding sites that would need to be covered. 

MM 3 
If collisions occur, are these fatal (both immediate and delayed due to serious injury) to the 
species concerned?  

                                                      
11  A Brownlow, Scottish Marine Animal Stranding Scheme (2014); Integration of marine stranding data into impact monitoring 
systems for marine renewables developments. 
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 Strangford Lough Benthic Habitats Survey12 3.14

Strangford Lough is a Special Area of Conservation (SAC) and the subtidal reef is an Annex 1 (Habitats 
Directive) feature. 

Four quadrat stations were established by installing Ultra Short Baseline (USBL) transceivers. Three 
stations were placed in line with the rotational axis of the east turbine at 20m, 150m and 300m to the 
south-east of the turbine installation. A further single reference station was installed approximately 50m 
to the ENE of the turbine. Still photography and digital video were used to record each cell of the 
quadrats. Percentage cover of each quadrat cell was recorded and classified. 1 pre-installation and 4 
post-installation surveys were completed and then analysed for statistical differences between the 
samples. 

The community changes across all stations within the downstream influence of the SeaGen turbine 
were broadly similar over time and are largely mirrored in the reference station. Sampling times have 
been found to be the most significant factor regarding differences in benthic communities. Changes 
observed represent random spatial variation that encompasses disturbance, competition and 
succession. In general, all of the stations sampled have shifted in community structure in a manner that 
matches the reference station. 
 
The use of divers on the MeyGen site is to be limited to an absolute minimum during installation and 
operation. It is unlikely therefore that this method would be suitable in the Inner Sound given that it is in 
deep water and a more energetic site. The use of drop down cameras would not be feasible for the level 
of accuracy required for this type of survey, therefore it would need monitoring to consider larger scale 
benthic biotope change. 
 
The Strangford Lough benthic monitoring provided valuable information on potential impacts on benthic 
habitats (B 1) and also some of the practical challenges of monitoring and detecting change in this 
environment. 
 
B 1 Does the installation and operation of the tidal array have a significant impact on the benthic 

communities found in the Inner Sound? 
 

 RESPONSE – NERC funded study led by SMRU at the University of St 3.15
Andrews (Dr David Thompson) 

The marine mammal aspect of RESPONSE was set up to address information gaps for potential 
impacts from marine renewables: 

 Barrier effects due to acoustic disturbance; and  

 Risk of collision 

In 2013, the response of seals to tidal turbine noise playbacks (from Strangford Loch) was tested using 
high resolution telemetry and visual observations. Data is being analysed but the belief is that any 
change in behaviour identified will be subtle. 

RESPONSE assessed encounter risk using high resolution telemetry and the proposed positions of four 
turbines in Kyle Rhea. GPS and dive depth recorders were used to identify when individuals crossed 
through these areas. Data shows highly structured use of the Kyle Rhea tides, with highest activity 
during the flood tide, lower activity on the ebb and use of the haul-outs during slack tides (high and low 
water). 

RESPONSE have provided valuable data on use of the Kyle Rhea  tidal regime, whether this is 
transferable to the Inner Sound is uncertain, however it has also given greater understanding and  
experience for future tagging studies (MM 1 & MM 5). 

                                                      
12 Royal Haskoning (2011) SeaGen Environmental Monitoring Programme Final Report 
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MM 1 Is it possible to monitor the fine scale movements of marine mammals around tidal arrays? 

MM 5 
Does the installation and operation of the tidal array have a significant impact on the 
abundance and distribution of marine mammals in the Inner Sound? 

 

 EMEC Harbour seal haul-out monitoring 201013 3.16

Several installation operations were scheduled for the EMEC Falls of Warness site during summer 
2010. These included EMEC cable laying operations using the SV-Sovereign Dynamic Positioning (DP) 
cable laying vessel; the installation of Atlantis’ AK1000 turbine and gravity base foundation using the 
Skandi Skolten (DP vessel) and Voith Hydro Ocean Current Technologies’ monopile drilling from a jack-
up vessel (although the drilling works did not go ahead during this observation period in the end). 
 
EMEC undertook seal haul-out monitoring at Seal Skerry, Seal Skerry Point to help understand the 
impact of DP vessel noise and monopile drilling noise on harbour seal. The survey area was intensively 
observed for two watches per day for the duration of the noisy works. During each of the week 
preceding and the week following works, the watch intensity was lowered to a rate of two watches per 
week, undertaken on separate days.  
The total observation time for the programme was 107.5 hours. The total number of records entered 
was 438. 
 
The observational results contain seven events when harbour seals on Seal Skerry and/or Seal Skerry 
Point displayed anxious or disturbed behaviour: 
 

1. Gann's tannoy voice (cruise ship) disturbed the seals 
2. Tidal Cable 1 repair by CS Sovereign 
3. Vessels Enbarr and RIB not associated with works covered in this report 
4. Vessels Enbarr and RIB not associated with works covered in this report 
5. One man and a boy walking around the point but staying on the grass 
6. One man walking, went quite close to seals, walking on rocks and taking photographs 
7. Seals disturbed by the rising tide 

 
As the results show little variation in harbour seal behaviour over the period of the observations 
programme, SMRU advised against undertaking any statistical analysis. Any relationship between 
vessel activity during the works and harbour seal behaviour presented in the results is the observer’s 
opinion. 
 
The EMEC monitoring programme has provided data on the potential noise impacts on hauled out 
harbour seals during the pupping season. Although no statistical analysis was completed, the evidence 
from the surveyor was that there was little observed behavioural change in reaction to the works. 
 

MM 5 
Does the installation and operation of the tidal array have a significant impact on the 
abundance and distribution of marine mammals in the Inner Sound? 

 

                                                      
13 Supplementary Environmental Monitoring EMEC Fall of Warness tidal test site Harbour Seal Land-Based Visual Monitoring 
Report October 2010 
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4. MONITORING TECHNOLOGY AND TECHNIQUES 

 Active Sonar 4.1

Active sonar provides the best opportunity to monitor multiple receptors in the near field environment of 
the turbine blades. There have been several systems that have been developed and tested (SMRU at 
Strangford Loch, FLOWBEC, ReDAPT). 

Active sonar is likely to provide fine scale data on the behaviour of some receptors in the near-field 
environment, such as marine mammals. There is uncertainty as to whether it can provide data on 
collision events, a receptor passing through the turbine swept area and critically identification of a 
receptor to a species level. For this reason, active sonar should not be considered as a stand-alone 
system. Other systems that could complement active sonar are considered in section 4.4 and 4.5. 

Limitations and potential development requirements are considered further below. 

Active sonar frequency 

Different frequencies may be better at detecting different receptors. The correct frequency or 
frequencies need to be chosen to maximise the effectiveness of the system, whilst eliminating or 
minimising frequencies that would have an adverse impact on the receptors (aversion or attraction from 
the device). 

Collisions with the turbine 

Further research is required to understand whether active sonar can detect collisions. It is thought that 
an object would be lost in the turbulence and data noise created from the rotating turbine blades. 

Consequence of collision  

Active sonar is unlikely to be able to definitively detect the consequence of a collision between a turbine 
blade and receptor.  

Species identification 

Further research is required to understand whether active sonar can detect receptors to a species level. 
It is especially important to identify between grey and harbour seal given the conservation status of the 
later and also whether a system can detect and identify Atlantic salmon. Discrimination of different bird 
species does not appear feasible at present. 

Detection rates and range 

Technology and programmes have had limited success at automatic detection and tracking of 
receptors. Detections are limited to 30-50m where rates start to reduce significantly. 

Active sonar are limited to a relatively narrow beam (Strangford Loch - 120° by 20°) thereby requiring 
multiple systems to cover a whole turbine or turbines. 

Data handling  

Automatic detection and tracking would considerably reduce manual data handling and processing.  

 Passive Acoustics and Pinger Tags 4.2

Passive acoustics has been widely used for surveying vocalising cetaceans. It is now being applied to 
track individuals in 3D using a network of hydrophones. The same technology and techniques can be 
applied to other species if they are carrying a pinger tag. It was suggested at the AG workshop that 
pinger tags are relatively cheap and can be of a suitable size for most species.  

A hydrophone has a greater detection range compared to active sonar, which means it can be used to;  
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1. monitor near-field and  medium scale disturbance and displacement;  

2. provide a more complete and comprehensive coverage of the water column surrounding the 
turbine(s). 

Pinger tag attachment 

It has been showed by the Marine Scotland Salmon tagging study and ERI’s Black guillemot study that 
catching individuals and attaching tags requires considerable resource and experience.  

Individual fidelity for the Inner Sound 

Selected individuals that are tagged may show limited fidelity to the Inner Sound. There is data to 
suggest that local populations of harbour seal and black guillemot show relatively good site fidelity, 
whilst others are migratory or have a considerably greater range. Further consideration would be 
required to understand the sample size of each species population that would potentially yield 
statistically robust results.  

For those migratory or longer range species the best approach may be to have a short intensive 
monitoring period. 

Risk of increased predation 

There is a risk that the frequency output of the pinger could be detected by predators, increasing the 
risk to the individual. Tags would need to be carefully selected to reduce this risk. 

 Positioning and Depth-Time Recorder Tags 4.3

GPS, TDR tags and variations thereof have been used in a number of applications with all the sensitive 
receptors. These can provide very accurate behaviour data of the individual tagged, however they can 
be prohibitively expensive and weight can be an issue. 

The same issues with tag attachment and site fidelity can be assumed for GPS / TDR tags as with 
pinger tags.  

Given the strategic objectives are primarily interested in data to help understand collision risk then 
GPS/TDR may have limited use in comparison to other study options.  

 Video and Still Cameras 4.4

Video or still cameras could provide supplementary data on collision events, receptors passing through 
the turbine blade swept area and aid species identification. 

Cameras are limited by visibility (low level light, water turbidity) however they should provide accurate 
robust data when conditions permit. The idea of using a lamp or flash has been considered previously 
however, there may be a risk of receptors being attracted to the light source. 

There is the potential to link them to an acoustic system to turn on when a receptor is detected so there 
is a reduction in the amount of data produced by a system. 

The Andritz Hammerfest Hydro 1MW turbine has 3 cameras mounted on the nacelle. They have 
provided data for several months and have not shown any sign of bio-fouling yet. Underwater video 
cameras have also been used extensively to monitor fish presence and behaviour around Open Hydro’s 
turbine at Fall of Warness. 

Positioning of the cameras would be important to maximise the coverage of the blades swept area. 
Cameras placed below the turbines viewing up to the surface may provide greater clarity, silhouetting 
the turbine blades. 

Other camera technology could be investigated such as thermal imaging cameras. 
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 Blade-mounted Technology 4.5

There was discussion at the AG workshop regarding their potential of blade (or near to) mounted 
technology to detect collisions. These systems include: 

 Cameras at the hub 

 Strain gauges 

 Hydrophones 

 Pressure pads 

All would require research and development to understand their potential, however it should be noted 
that any equipment forward of the nacelle in the hub or on the blades would require an electrical 
connection through a slip ring or similar to get data and power from the rotating section to the static 
section, these can be unreliable. 

To date there has been limited success with strain gauges on blades. 

Scotrenewables Tidal Power Ltd. monitoring their SR250 device using hydrophones attached to the 
superstructure of the turbine. Audio files were checked for unusual occurrences by batch processing 
using code, then cross referencing to the relevant date time stamped video.  There has been no 
indication of a collision during the SR250 trials. The plan is to include hydrophones in the hub on the 
SR2000, currently being developed (Prof. J. Side, ICIT, Heriot Watt University per comms. 17th March 
2014).  

It is understood that there has been no work done with pressure pads to date. 

 Current Profilers 4.6

There are several types of current profiles available: 

 Acoustic Doppler Current Profiler (ADCP) 

 Acoustic Wave and Current profiler (AWAC) 

 Acoustic Doppler Velocimeter (ADV) 

ADCP measurements were used to produce and validate the MeyGen hydrodynamic model. Data for 
energy extraction from the turbines has been estimated using computational fluid dynamics and used in 
the hydrodynamic model to give energy yields. This model was used for the physical processes impact 
assessment and the deployment of current meters with the operating turbine will help valid these 
models. 

Current data is time stamped so it can be easily integrated into a larger system of sensors so that 
receptor detection can be compared against states of the tides etc.  

Another workstream of the FLOWBEC project used marine radar to monitor tidal vectors over the Inner 
Sound. Although not as accurate as point measurement current profilers, it does give real data on a far 
greater area (range up to 4.8km), rather than relying on hydrodynamic model predictions validated by 
point measurements. 

 Hydrophone - turbine noise  4.7

There are a number of systems available for measuring ambient marine noise and turbine signatures. 
MeyGen collected baseline noise measurements over the tidal cycle in the Inner Sound from a drifting 
hydrophone array; turbine noise parameters were taken from available literature to complete the 
assessment.  
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The survey of the Inner Sound when the turbines are operating over a given tidal cycle will help valid the 
model and conclusions of the EIA. 

 Population monitoring 4.8

See section 3.12 and 3.16 

 Strandings Scheme 4.9

See section 3.13 
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5. PEMP OBJECTIVES 

 Draft PEMP Objectives 5.1

The PEMP objectives for monitoring are based on: 
 

1. Conditions of consent; 
 

2. The SNH recommendations; 
 

3. The current understanding of receptor behaviour and environmental impacts from tidal turbines 
and other proxy industries; 
 

4. The current and planned research with regard to tidal turbine impacts (summarised in section 3) 
and how these fit with the strategic objectives and questions; and   
 

5. The current understanding of monitoring technology and techniques (summarised in section 4). 
 

Each objective has also been assigned a priority status, which is designed to aid the development of the 
PEMP. The levels of priority are show in Table 5.1.  
 

Priority  Description 
1  Both receptor and impact are high priority 
2 Either the impact or receptor is high priority 
3 The impact on the given receptor is of medium priority 
4 The impact or receptor are of low priority 

Table 5.1 Monitoring priority levels 

When developing monitoring technology and techniques for the PEMP, these priorities should be 
considered. For example; it is of the highest priority that potential collisions between harbour seals and 
the turbines are identified. In doing so, the technology and techniques that are likely to be engaged will 
also provide opportunities to monitor collision with other species. Given the population status of the 
harbour seal it is important to try and accurately identify the species when monitoring for collisions, this 
may include tagging a proportion of the local population. Whilst a collision monitoring system would also 
pick up other species including grey seals; given the lower priority status of grey seal and the observed 
low site fidelity, the value of a similar tagging study for grey seal will need to be considered. 

The objectives to detect receptor avoidance and collisions and disturbance/displacement in the water 
and at haulouts have been split out in this section as they pose slightly different challenges for the 
monitoring technology and techniques and the data that would be collected. 

Data requirements will be reviewed and adjusted based on the technology and techniques developed 
and then used in the PEMP. 

 Harbour seal 5.1.1

Receptor Objective Technology/Technique 
Option 

Data Limitations Priority 

Harbour 
seal 

To detect and 
quantify potential 
avoidance rates. 
Verify and 
improve the 
accuracy of 
collision/encounte
r rate models. 

Active sonar; Passive 
acoustics (with pinger 
tags); GPS tags; HD 
camera.  

No. of 
behavioural 
reactions per 
identifications 
near the 
turbine.  

Species 
identification. 
 
Range and 
coverage 
 
 

1 

 To detect and 
quantify collision 
rates. Verify and 

HD camera/hydrophone  
Active sonar; Passive 
acoustics (with pinger 

No. of 
collisions per 
identifications 

Identification of 
a collision. 
Species 

1 



 

 

 

22  Project Environmental Monitoring Programme Steering Report 

 

improve the 
accuracy of 
collision rate 
models. 

tags). Potentially GPS 
tags 

near the 
turbine 

identification. 
Fidelity of 
individual to 
site.  
Number of 
individuals 
available to tag. 

 To detect and 
quantify potential 
disturbance and / 
or displacement in 
the water during 
operation. 

Passive acoustics (with 
pinger tags); GPS tags. 

Data with 
power to 
detect 
change in 
distribution 
and 
behaviour   

Fidelity of 
individual to 
site.  
Number of 
individuals 
available to tag. 

2 

 To detect and 
quantify potential 
disturbance and / 
or displacement 
at haulouts, 
during 
construction. 

Haulout observations 
and counts. 

Observations 
of 
behavioural 
response    

 2 

 

It must be noted that if fatal collisions between harbour seal and turbine blades were to occur it would 
be important to ensure that they are at level lower than the harbour seal PBR for the Orkney and North 
Coast Management Unit taking into account the share of the PBR taken up by licences for fishing and 
netting. To this regard, the technology or technique should be able to give an indication of whether the 
collision occurred and whether it was fatal or not. 

From the current and on-going research there are two systems that could be used to track and monitor 
harbour seals in the turbine near field environment (active and passive acoustics), however neither are 
likely to be able to provide the data on actual collisions, therefore a complementary systems (e.g. video 
camera) must be included. 

Haul out monitoring during construction should be considered when there are works in proximity to the 
identified sites; this depends on the final construction method. 

 Grey seal 5.1.2

Receptor Objective Technology/Technique 
Option 

Data Limitations Priority 

Grey seal To detect and 
quantify potential 
avoidance rates. 
Verify and 
improve the 
accuracy of 
collision/encounte
r rate models. 

Active sonar; Passive 
acoustics (with pinger 
tags); GPS tags; HD 
camera.  

No. of 
behavioural 
reactions per 
identification
s near the 
turbine.  

Species 
identification. 
 
 

2 

 To detect and 
quantify collision 
rates. Verify and 
improve the 
accuracy of 
collision rate 
models. 

HD camera/hydrophone. 
Active sonar; Passive 
acoustics (with pinger 
tags). Potentially GPS 
tags. 

No. of 
collisions per 
identification
s near the 
turbine 

Identification of 
a collision. 
Species 
identification. 
Fidelity of 
individual to site.  
Number of 
individuals 
available to tag. 
 

2 

 To detect and Passive acoustics (with Data with Fidelity of 3 
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quantify potential 
disturbance and / 
or displacement 
in the water 
during operation. 

pinger tags); GPS tags. power to 
detect 
change in 
distribution 
and 
behaviour   

individual to site.  
Number of 
individuals 
available to tag. 

 To detect and 
quantify potential 
disturbance and / 
or displacement 
at haulouts, 
during 
construction. 

Haulout observations 
and counts. 

Observations 
of 
behavioural 
response    

 3 

 
The system used for harbour seal could be efficient for grey seal as well. As discussed in the 
introduction to section 5.1, the value of attempting to tag grey seal individuals will require consideration. 

 Cetaceans 5.1.3

Receptor Objective Technology/Technique 
Options 

Data Limitations Priority 

Harbour 
porpoise 

To detect and 
quantify potential 
avoidance rates. 
Verify and 
improve the 
accuracy of 
collision/encounte
r rate models. 

Active sonar; Passive 
acoustics; HD camera  

No. of 
behavioural 
reactions per 
identification
s near the 
turbine 

Species 
identification. 
 
 

2 

 To detect and 
quantify collision 
rates. Verify and 
improve the 
accuracy of 
collision rate 
models. 

HD camera/hydrophone 
Active sonar; Passive 
acoustics.  

No. of 
collisions per 
identification
s near the 
turbine 

Identification of 
a collision. 
Species 
identification. 
 
 

2 

 To detect and 
quantify potential 
disturbance and / 
or displacement in 
the water during 
operation. 

Passive acoustics Data with 
power to 
detect 
change in 
distribution 
and 
behaviour   

 3 

 

As the most common cetacean in the Inner Sound, harbour porpoise represent the cetacean element in 
the monitoring programme. The monitoring methods identified for harbour seal would also be beneficial 
for cetaceans albeit with a passive acoustic network there would be no need for pingers tags and the 
use of positioning tags was not considered feasible at this stage given the difficulty in tagging 
cetaceans. Species identification will remain an issue with an active sonar/camera system. 

 Migratory salmonids 5.1.4

Receptor Objective Technology/Technique 
Options 

Data Limitations Priority 

Atlantic 
salmon 

To detect and 
quantify potential 
avoidance rates. 
Verify and 
improve the 

Active sonar; Passive 
acoustics (with pinger 
tags); GPS/TDR tags; 
HD camera 

No. of 
behavioural 
reactions per 
identifications 
near the 

Species 
identification. 
Fidelity of 
individual to 
site.  

2 
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accuracy of 
collision/encounte
r rate models. 

turbine.  Number of 
individuals 
available to tag. 

 To detect and 
quantify collision 
rates. Verify and 
improve the 
accuracy of 
collision rate 
models. 

HD camera/hydrophone; 
Active sonar; Passive 
acoustics (with pinger 
tags). 

No. of 
collisions per 
identifications 
near the 
turbine 

Identification of 
a collision. 
Fidelity of 
individual to 
site.  
Number of 
individuals 
available to tag. 

2 

 

Migratory salmon provide a different challenge than work on seal and cetacean species. There is 
relatively little known regarding their marine and migratory behaviour. The on-going and planned 
research by MSS (section 3.3) and the Pentland Firth Initiative (section 3.10) should improve the 
relative understanding of behaviour, spatial distribution and swim depth in the marine environment.  

Given the uncertainty regarding active sonar/camera identification of Atlantic salmon, it should not be 
solely relied upon to provide data on encounters or collisions. Tagging studies would provide an 
opportunity to provide accurate information about individual behaviour. However, given the large 
population size and lack of data on migratory patterns there may need to be a significantly large number 
of tagged individuals to provide robust data. A feasibility study for both active sonar, passive (+tags) and 
positioning tags will be required in coordination with the MSS programme. 

 Diving birds  5.1.5

Receptor Objective Technology/Technique 
Options 

Data Limitations Priority 

Seabirds 
(shag & 
black 
guillemot) 

To detect and 
quantify potential 
avoidance rates. 
Verify and improve 
the accuracy of 
collision/encounter 
rate models. 

Active sonar; Passive 
acoustics (with pinger 
tags); GPS tags; HD 
camera.  

No. of 
behavioural 
reactions per 
identifications 
near the 
turbine.  

Species 
identification. 
 
 

2 

 To detect and 
quantify collision 
rates. Verify and 
improve the 
accuracy of 
collision rate 
models. 

HD 
camera/hydrophone; 
Active sonar; Passive 
acoustics (with pinger 
tags).  

No. of 
collisions per 
identifications 
near the 
turbine 

Identification of 
a collision. 
Species 
identification. 
Fidelity of 
individual to 
site.  
Number of 
individuals 
available to 
tag. 

2 

 To detect and 
quantify potential 
disturbance and / 
or displacement in 
the water, during 
operation. 

Passive acoustics (with 
pinger tags); GPS tags. 

Data with 
power to 
detect 
change in 
distribution 
and 
behaviour   

Fidelity of 
individual to 
site.  
Number of 
individuals 
available to 
tag. 

3 

 
The system used for harbour seal could be efficient for diving bird species as well. 

 Physical processes 5.1.6

Receptor Objective Technology/Technique Data Limitations Priority 
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Options 
Physical 
processes 

Validate and 
improve the 
accuracy of the 
physical 
processes 
model and 
associated 
environmental 
impacts 

Current meter Hydrodynamic 
data from in 
front and 
behind 
turbines on 
energy 
extraction and 
turbulence. 

 4 

 
 Benthic Habitats 5.1.7

Receptor Objective Technology/Technique 
Options 

Data Limitations Priority 

Benthic 
habitats 

Validate the 
benthic 
environmental 
impact 
assessment 

   4 

 

It is proposed that there is no benthic habitat monitoring for Phase 1a of the Project. The MeyGen EIA 
concluded that there were no likely significant impact on benthic habitats and communities and given 
that only four turbines will be deployed there is uncertainty that any survey would have the power to 
detect a significant change. Results from Strangford Loch (a designated SAC for subtidal reef) 
concluded that there was no discernible change over the two year period (section 3.14). 

As described in section 3.14, divers are not recommended for these surveys in the Inner Sound and 
drop down cameras would not be feasible for quadrat surveys. The only other option currently available 
would be to monitor for larger scale benthic biotope change. Given that Phase 1a is only four turbines, it 
is unlikely that impacts will be identified at this scale. 

It is proposed that benthic monitoring objectives are reviewed following the results of the physical 
processes monitoring and when further turbines are deployed at the site. 

 Turbine noise 5.1.8

 Objective Technology/Technique 
Options 

Data Limitations Priority 

Noise  Validate and 
improve the 
accuracy of the 
noise model and 
associated 
environmental 
impacts 

Hydrophone Noise data 
from 
operating 
turbines in 
different tidal 
states. 

 4 
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6. ADVISORY GROUP RECOMMENDATION FOR MONITORING  

Based on the objectives and priorities in section 5 the following recommendations are made by the 
MeyGen Advisory Group for monitoring Phase 1a of the project. Whilst the highest priority is to monitor 
harbour seals, the technology used will be capable of monitoring other receptors. Additional technology 
can be considered that would enhance the capability of the monitoring programme; these can be 
assessed in terms resource requirements, cost and meeting other monitoring objectives given their 
priority status.  

In making these recommendations and setting out the objectives in section 5 the AG is carrying out its 
main function of providing advice and oversight of the content of the PEMP and thereby agreeing that 
these conform to the consent conditions. 

 Active Sonar and complementary technology 6.1

Active sonar provides the most comprehensive opportunity to capture fine-scale behaviour for all 
receptors around the turbines over temporal and spatial scales.  

System design will be important to a robust monitoring programme. It has been identified that a system 
facing the turbine provides the best opportunity to capture the whole of the rotor swept area, however 
this brings with it challenges for power and data handling. 

Active sonar may not however, have the capability to detect collision events, the consequence of 
collisions, or identify receptors to a species level. A complementary technology is therefore required; 
ideally a second technology that is triggered by an active sonar detection. This would also help reduce 
data and power demand. 

 Video 6.1.1

Whilst video cameras will not provide 100% coverage (low level light, water turbidity), they represent an 
opportunity to capture collisions which is technically robust, whilst also potentially effective for species 
identification and as such it is the best available option at the current time. Cameras could be included 
in a system facing the turbine. 

 Strain Gauge 6.1.2

Strain gauges have been used in a couple of cases and to date it is still unclear as to whether an impact 
can be detected and extracted from the data of loading on the blade from the turbine operation and 
water turbulence. Further feasibility work would be required. 

 Hydrophones 6.1.3

It is worth considering hydrophones on the turbine (as on the Scotrenewables SR250) which could help 
with collision detection although it would be difficult to automatically integrate this with an off turbine 
system. 

 Current profilers 6.1.4

Current profiler are already planned to be used at the site and could be integrated to provide context on 
species behaviour in particular tidal states. 

 Development requirements 6.1.5

Key development requirements include: 

 Improved and robust active sonar detection, tracking and classification of targets; 

 Active sonar species signatures; 

 Integrated system with trigger on other technology (camera); and 
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 Consideration of the system platform, data and power. 

Some of these technical issues will be addressed further under the Demonstration Strategy.  

 Passive acoustics and Pinger tags 6.2

Given the uncertainty of whether an active sonar/camera system will be able to identify harbour seals, 
there are reasons to look at other opportunities.  

Tagging a sample of the local population of harbour seals with pingers and having a network of 
hydrophones would mean monitoring known individuals in the vicinity of the turbines. There is an 
indication that harbour seals show a level of site fidelity that would make this a feasible option. 

A hydrophone array is likely to provide coverage over a greater spatial range (100-300m). The system 
would need 4 or more hydrophone clusters but with detection capabilities to around 200m, providing 
significant coverage of the area. 

The system would be able to track vocalising cetaceans and tagging individuals could be extended it to 
non-vocalising species. The feasibility of using pinger tags for each sensitive species will be needed to 
be considered in greater detail, particularly given grey seal and Atlantic salmon behaviour and the 
limitations identified in section 4.2. 

 Complementary technology 6.2.1

Whilst it may be difficult for a passive acoustic system to detect collisions and determine the 
consequence of collision, proxy data could be used to infer these e.g. whether a cetacean is still 
vocalising once it has passed the turbine blades. The system could be part of an integrated system 
similar to described in section 6.1.  

 Development requirements 6.2.2

Further work is required on: 

 The viability of pinger tags for all sensitive receptors; 

 Species sample sizes; 

 Power and data requirements; and 

 Integration into a larger system. 

Some of these technical issues will be addressed further under the Demonstration Strategy.  

 System platform 6.3

There was broad agreement at the workshop that the turbines themselves might not provide the best 
platform for monitoring equipment. A turbine is likely to create a shadow effect on monitoring equipment 
and any systems that are placed on the outside of the turbine can be considered at risk of damage and 
faults; recovery of a turbine nacelle to fix these would not be commercially viable. 

A system set up in to vicinity of a turbine would provide the greatest coverage however data transfer 
and power supply become issues. The system could either be on an umbilical cable from the turbine or 
completely stand-alone. Analysis of the relationship between the monitoring power, system 
management (data and power), and maintenance and deployment costs should be carried out to find 
the correct option. 

Given the cost of equipment and deployment there must be a consideration of how many turbines can 
be covered by the monitoring system. With four turbines in the water there are eight areas that need to 
be covered (with the turbines rotating for the ebb and flood tide). A passive acoustic system should be 
able to cover these areas, given their detection range; however it is unlikely that it would be possible to 
cover everything with an active sonar system given the cost of the equipment. A cost benefit 
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assessment should be undertaken to understand different system combinations and setups and the 
risks associated with confidence in the data collected.  

The Demonstration Strategy does have objectives to cover the logistical and technical requirements of a 
monitoring system. 

 Stranding Scheme 6.4

The SMASS provided a comprehensive proposal on an active and indexed survey effort for marine 
mammal strandings. Whilst, this provided an excellent overview of the capabilities of stranding studies, 
there remains the question over whether the survey effort required is proportional to the risk posed by 
four turbines.  

Given that harbour seal populations in the management area have been in decline it needs to be 
understood whether a broader scheme is more suitable for this, encompassing current industry and the 
development of the Pentland Firth and Orkney Waters marine energy sites. The SNH proposal (section 
3.13) could meet these criteria and the AG recommends working with SNH to further this work. 

 Harbour Seal Haul-out Site Monitoring 6.5

There is currently the requirement under legislation to monitor the seal population, which is managed 
under SCOS. It is unclear at this time as to the exact programme of haul-out site surveys that are 
carried out under this scheme and how beneficial more focussed monitoring might be to the identifying 
operational impact from the MeyGen project, given the status of harbour seal populations in the area 
and the small number of turbines being deployed. The AG proposes that there needs to be greater 
consideration for the suitability of more focussed scheme. 

The AG proposes that monitoring disturbance at harbour seal haul-outs during construction should be 
considered when there are works in proximity to the identified sites; this will depend on the final 
construction method. 

 Physical Processes Monitoring 6.6

Current profilers will be deployed to monitoring turbine performance and these can be used to verify the 
physical processes modelling. The current profilers could also be integrated in the other monitoring 
systems to provide context to receptor behaviour. 

 Noise Modelling 6.7

Drifted hydrophone surveys of the Inner Sound once the turbines are installed and operating. Data will 
verify the EIA model. 
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7. ACTIONS 

The Project programme is based on TTG being installed in Q4 2015 - Q1 2016. In order to have 
monitoring equipment ready and a pre-construction baseline (for some aspects), feasibility and 
development work will be required. 

Many of the actions fall under the scope of the Demonstration Strategy for active and passive sonar. 

A summary of all actions is presented in the table below for completeness. 

Active Sonar  

Testing of active sonar system; species detection and tracking. Development of algorithms to reduce 
data burden 
Classification of targets. Identify and classify species signatures 
Feasibility study and testing of integrated camera (with trigger)  
Assessment of monitoring platform options. Battery powered unit with data storage or linked to the 
turbine. 
Passive acoustic and pinger tags 
Feasibility study for multiple receptors using 3D PAM network 
Feasibility study for tagging harbour seal in proximity of MeyGen 
Feasibility study for tagging breeding shag and black guillemot in proximity of MeyGen  
Feasibility study for pinger tags on MSW Atlantic salmon 
Pre-construction deployment of Shag and Black guillemot tags 
Pre-construction deployment of harbour seal tags 
Pre-construction deployment of Atlantic salmon tags 
Stranding Scheme 
Feasibility study of PFOW scale stranding scheme 
Stranding scheme pre-construction baseline 

Construction disturbance harbour seal haul-out surveys 

Feasibility study of haul-out surveys 
Haul-out pre-construction survey 
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Executive Summary Scottish Government Demonstration Strategy: 

Trialling Methods for Tracking the Fine Scale Underwater Movements 

of Marine Mammals in Areas of Marine Renewable Energy 

Development 

 

Carol Sparling, Doug Gillespie, Gordon Hastie, Jonathan Gordon, Jamie Macaulay, 

Chloe Malinka, Mick Wu and Bernie McConnell 

 

 

1. Executive Summary 

 

1.1. Introduction 

 

Sectoral Marine Planning and related strategic assessment processes have 

identified a need to evaluate the potential interactions between marine renewable 

energy developments and marine wildlife as a matter of priority.  Despite significant 

progress in the industry over recent years, there remains a great deal of uncertainty 

about the risk that tidal turbines in particular pose to marine mammals. 

 

There is, therefore, a clear need to improve the understanding of how animals 

perceive and respond to devices.  The Demonstration Strategy is a key component 

of the Scottish Government’s ‘Survey, Deploy and Monitor’ (SDM) policy approach to 

reducing the environmental uncertainty currently inherent in the licensing of 

renewable energy developments in Scottish waters. It will allow the monitoring of 

early renewable projects to investigate such interactions.  It is crucial that 

appropriate and achievable techniques are in place for these early projects to collect 

the data required to characterise the true nature of any impacts – and that data are 

collected and analysed in such a way as to inform the development of tools that help 

assess future risk (e.g. collision risk models). 

 

Suitable instrumentation and methodologies are generally lacking and those that are 

available for the detection and tracking of marine mammals require a degree of 

development before it is possible to be confident that they can be successfully 

deployed in conjunction with tidal energy projects.  In order to study the fine scale 

movements of animals close to a tidal energy device and potentially monitor 

collisions, monitoring systems are required with the ability to track animals with a 

high spatial and temporal resolution and over a range of several tens of metres from 

the turbine for a period of several months. 
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This report details the progress of Phase 1 of the Scottish Government 

Demonstration Strategy (SGDS) project: Developing and testing methodologies for 

measuring fine scale marine mammal movements around tidal energy devices. 

 

The approach considered here comprises three sensor systems: Passive Acoustic 

Monitoring (PAM), Active Acoustic Monitoring (AAM) and Video Surveillance.  Whilst 

each of these systems have been used to study marine animal movements, their 

combined application in a high tidal energy environment requires development and 

testing. 

 

1.2. Sensor Choice and Platform 

 

Out of a range of potential platform options reviewed, the recommended approach is 

to install monitoring equipment which is integrated with the turbine’s power and data 

transfer systems.  As it is necessary to have a prolonged period of near continuous 

monitoring to get sufficient sample sizes and statistical power to make robust 

inferences from the early demonstration projects, it is recommended that a cabled 

system would provide the best chance of implementing an optimal monitoring 

solution capable of meeting the objectives of the project. 

 

After evaluation of the available sensor types, the preferred solutions for this 

application are the Tritech Gemini multi-beam system for AAM and a multi-

hydrophone volumetric array using a networked industrial data acquisition system for 

the PAM. 

 

In January 2016, a video engineer was commissioned to provide the design for a 

180 degree, low light camera with ultraviolet LED bio-fouling control.  It is planned 

that two such cameras will be deployed on the foundation – fore and aft of the 

turbine.  These data will be streamed ashore by cable. 

 

To detect seals with the PAM array it is recommended that VEMCO acoustic pinger 

tags should be fitted to a sample of local harbour seals (Phoca vitulina).  The 

VEMCO V16P-6H acoustic pinger was trialled with successful results.  It has a 

longevity of 100 days with a 1-2 second interval between pulses.  Harbour seals 

should ideally be tagged shortly prior to the deployment of the tidal turbines to 

provide a period of pre-installation, baseline date.  However, the timing of tagging is 

constrained by the timing of the annual moult, which occurs in August.  The pinger 

transmits at 83 kHz.  While the majority of the sound will be above the hearing 

threshold of harbour seals, it is possible the pulse onset may be perceived.  Although 
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unlikely that prey species will be able to hear them, it is possible that the tags will be 

audible to some dolphins and porpoises. 

 

1.3. Field Trials 

 

Once the preferred system configuration had been decided, there was a need for a 

series of development tasks and field tests.  Field tests were carried out on the west 

coast of Scotland in summer 2015 with the following primary objectives. 

 

a. Test deployment and operation of two domed Tetrahedral Hydrophone 

Clusters (THCs) on fixed seabed mounted platforms for a period of weeks; 

b. Evaluation of dome shape and hydrophone spacing; 

c. Investigation of detection probability and localisation accuracy of the 

hydrophone clusters; 

d. Investigation of the ability to detect and track VEMCO acoustic pinger tags 

(these tags can be fitted to seals so they could be detected and tracked with 

the PAM); 

e. Test deployment and operation of twin Gemini sonars on a fixed seabed 

mounted platform for a period of weeks; 

f. Investigation of the imaging capabilities of the sonars from a seabed mounted 

perspective; 

g. Collection of data to validate the active sonar marine mammal classification 

algorithms; 

h. Collection of data to develop and validate 3D marine mammal tracking ability 

using the dual sonar configuration. 

 

1.4. PAM Results 

 

Field trials demonstrated that the THCs were reliable and capable of detecting 

harbour porpoise (Phocoena phocoena) and bottlenose dolphin (Tursiops truncatus) 

clicks.  Location accuracy was investigated using trials with an artificial porpoise 

sound and using simulations.  Trials also demonstrated that the spherical cluster 

design had better timing accuracy than the cylindrical design which is likely to be a 

result of a combination of the different shape of the cowling and also in the spacing 

of the hydrophones – the spherical clusters had a narrower hydrophone cluster 

spacing meaning that the signals were less distorted by echoes than the more widely 

spaced hydrophones in the cylindrical cluster.  Changes in timing accuracy affect the 

accuracy at which sounds can be localised, but do not affect detection range. 
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The simulations for a system consisting of three clusters in a triangular configuration 

around a turbine structure indicate a localisation accuracy of < 3 m; depth < 0.7 m 

and angle < 0.5 degrees at 25 m from the hydrophones. 

 

While timing accuracy of the VEMCO tag pulses is not as good as it is for porpoise 

clicks (+/- 7.5 μs), this has little impact on localisation accuracy at short ranges. 

 

The PAMGuard software was modified to allow detection of VEMCO acoustic tags.  

Work has also gone into further developing a data acquisition system in order to 

make it stable when sharing a network connection with other devices.  Further work 

is required to increase the number of channels from 8 to 12. 

 

1.5. AAM Results 

 

This project has developed and tested a technique to track marine mammals in 3D in 

a tidally energetic environment using two multi-beam sonars.  Two different 

configurations were tested for this and it was concluded that an overlapping parallel 

horizontal orientation provided the best results.  By measuring the ratio of the sonar 

intensity of a target imaged simultaneously on two sonars arranged in this way, the 

depth of the animal was calculated.  The error in depth estimated in this way is 

approximately 1.5 m (although this may be less when the sonars are mounted on a 

static platform). 

 

An efficient algorithm was developed to classify marine mammals in multi-beam 

sonar data, reducing the high false positive rate reported in previous studies.  Cross-

validation of the resulting algorithm estimated a cross validation error of 6%.  All 

confirmed seals were correctly classified using the algorithm, while only 8% of non-

seal targets were classified as seals.  If this result holds with future datasets, the 

analytical approach will be an effective means of detecting and classifying harbour 

seals.  At present, the effectiveness of these algorithms for classifying other species 

is unknown; however, it is anticipated that it is likely to be effective for similar sized 

marine mammals (e.g. grey seals (Halichoerus grypus), harbour porpoises, 

dolphins). 

 

The bottom mounted configuration, likely to be used in the turbine site deployment 

has also been successfully tested in a tidally energetic environment.  This has 

demonstrated that tracking and detection algorithms can still detect marine mammals 

against a backdrop of additional background noise and surface clutter (in sea states 

up to Beaufort 2).  However, it should be highlighted that the effects on detection and 

tracking capabilities of sea states above this are largely unknown at present. 
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1.6. Discussion – Remaining Work Before Progress to Phase 2 

 

Whilst considerable progress has been made during this project, there remains some 

development work required before progressing to Phase 2 of the Demonstration 

Strategy, which is physical deployment at the MeyGen site in association with the 

Atlantis AR1500 turbine as part of MeyGen’s Phase 1a.  This includes a series of 

hardware/installation related decisions and tasks: e.g. final design decisions on 

THCs, decisions about physical mounting and fixing methods, and agreement on a 

final design for the AAM seabed platform.  Furthermore, there are a number of 

software developments required, for example to integrate the sonar detection 

algorithms into the existing sonar software to reduce post hoc analysis. 

 

1.7. Discussion – General Design Principles 

 

While the focus was to develop systems which can be integrated into a specific 

turbine (AR1500), most of the basic design principles are applicable to the use of 

these sensors in other situations.  The principal areas of investigation and 

agreement for any monitoring programme associated with a tidal turbine are: 

 

a. Power and communication availability – both AAM and the PAM systems 

required several watts of power and produce high volumes of data; 

b. Physical locations for mounting equipment – the preferred position for AAM is 

at some distance away to ensure full coverage on the rotors whereas an 

evenly spaced array, close to the turbine is preferred for the PAM.  Video is 

limited by visibility but there is likely to be a trade-off between coverage and 

range; 

c. Potential for interference or cross talk between different monitoring 

equipment.  For example, Acoustic Doppler Current Profilers (ADCPs) (which 

are a necessary feature of tidal turbine arrays) and other acoustic monitoring 

emit high frequency signals which may interfere with the active and passive 

detectors.  Synchronisation can be achieved to reduce interference but these 

signals could also potentially affect the behaviour of animals around a device. 

 

1.8. Discussion – Future Considerations 

 

Consideration must be given to the analytical techniques that will be required to use 

the data resulting from this system to parameterise collision risk models.  It is likely 

that data will be sparse due to the expected low encounter rate of local seals and 

porpoises.  It is also likely that data about individual encounters will be fragmented.  
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It would be useful, therefore, to consider the construction of a Bayesian movement 

model that could incorporate these three disparate data sets (with uncertainty) to 

predict a best estimate (with uncertainty) of the 3D trajectory of animals in the vicinity 

of a turbine blade.  This will provide a better ability to make inferences about the 

behaviour of animals around the turbine, and to determine whether collisions are 

taking place. 

 

Similarly, there will be a level of uncertainty in how well any of these techniques 

detect the outcome of an encounter – whether there was successful evasion or a 

turbine impact.  An uninterrupted vocal sequence of clicks continuing after a close 

encounter with the rotor area would suggest that a porpoise has evaded impact.  

Similarly if the track data suggests an interrupted movement path after travelling 

through the rotor sweep this would suggest a lack of impact.  Again, there is a need 

to combine data sets (and perhaps others such as strain gauge information on the 

turbines) in a Bayesian model to estimate the most likely outcome of a close 

encounter. 
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2. Introduction 

 

2.1. Background and Policy Environment 

 

The Scottish Government has set a target of meeting the equivalent of 100% of 

Scottish energy demand from renewable energy sources by 2020.  The Scottish 

Government’s 2020 Route map for Renewable Energy in Scotland (Scottish 

Government, 2011, 2012), outlined that offshore and marine energy generation will 

be an important part of meeting this demand.  Scotland's wave and tidal energy 

resource is almost unparalleled, representing a quarter of Europe's tidal stream and 

10% of its wave energy potential.  The commercial exploitation of these resources is 

still at an early stage and learning from prototype and pre-commercial demonstration 

projects needs to be maximised.  

 

The Scottish Government has a duty to ensure that the industry develops 

sustainably, with minimal impact on the marine environment.  Successive Strategic 

Environmental Assessments (SEA) for wave and tidal renewable energy generation 

in Scottish waters (Faber, Maunsell & Metoc, 2007) and those undertaken for the 

Draft Sectoral Marine Plans for Wave and Tidal Energy (Scottish Government, 2013) 

identified a need to evaluate the potential interactions between marine renewables 

and marine wildlife as a matter of priority.  Despite significant progress in the industry 

over recent years, there remains a great deal of uncertainty about the risk that tidal 

turbines in particular pose to marine mammals.  The risk of direct interactions 

between turbines and marine mammals has been identified in several recent reviews 

as being a priority issue (Sparling et al., 2013; ORJIP, 2016).  In order for the 

Scottish Government to provide legal consent to future commercial scale tidal 

projects, there needs to be an understanding of this risk.  Currently, the Habitats 

Regulations Assessments (HRA) and the Habitats Directive require a degree of 

certainty that a proposed plan or development will not have a significant impact on 

marine mammal populations before the projects can be consented.  

 

Any uncertainty in terms of risk of impact may lead to lack of future consenting and 

ultimately curtail the development of the industry.  This uncertainty, therefore, 

translates into increased regulatory constraint and inevitably increased financial cost 

and investor uncertainty.  Such constraints and uncertainties have the potential to 

limit the development of marine renewable energy solutions, or inhibit the large-scale 

uptake of the technology at a level that will significantly contribute to meeting future 

UK energy demand. 
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To address this, there is a clear need to improve the understanding of how animals 

perceive and respond to tidal devices.  The Scottish Government has put in place a 

‘Survey, Deploy and Monitor’ (SDM) policy which aims to facilitate a risk-based 

approach for new renewable technology under these uncertainties.  In practical 

terms, this policy will allow the monitoring of early renewable projects to investigate 

such interactions.  It is crucial that appropriate and achievable monitoring techniques 

are in place for these early projects to collect the data required to characterise the 

true nature of any impacts – and that data are collected and analysed in such a way 

as to inform the development of tools to help assess future risk (e.g. collision risk 

models).  

 

In addition, it is likely that licence conditions (Marine Licences and Section 36 

consents under the Electricity Act (1989)) of most early array projects will contain the 

need for similar monitoring and, therefore, there is much value in developing cost 

effective ways of achieving this, without putting too onerous a burden on the fledgling 

tidal industry. 

 

According to the Offshore Renewables Joint Industry Programme (ORJIP) Ocean 

Energy Forward look document (ORJIP, 2016), collision risk is a priority for the 

industry and strategic monitoring studies around single turbines and first arrays have 

the potential to provide evidence to reduce uncertainty around collision risk, evasion 

and avoidance behaviour.  Data are urgently required which will help determine the 

likelihood/probability of collision and, in particular, close range encounter rates 

around devices and evidence of evasive abilities. 

 

Furthermore, suitable instrumentation and methodologies are generally lacking and 

those that are available for the detection and tracking of marine mammals require a 

degree of development before they can be successfully deployed in conjunction with 

tidal energy projects (McConnell et al., 2013).    
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2.2. System Requirements 

 

In order to study the fine scale movements of animals close to a tidal energy device, 

and potentially monitor collisions, monitoring systems are required with the ability to 

track animals with: 

 

1. High spatial resolution (approximately 1m). 

2. Fine temporal resolution (approximately 1s)  

3. Over a range of several tens of metres from the turbine. 

 

Since encounter rates are likely to be relatively low (Thompson et al., 2015), the 

system will need to operate in a stable manner for several months in order to acquire 

useful amounts of data (multiple encounters with different animals and species) to 

have the necessary power to make inferences and general conclusions about animal 

behaviour around tidal turbines and to refine current estimates of collision risk.  

 

There are two principal elements that data are required to inform.  The first is the 

empirical near field encounter rate close to operating devices and the second is the 

measurement of marine mammals’ ability to avoid turbines. 

 

Encounter rates can be compared to the predicted encounter or collision rate 

estimates carried out during the licencing of the project.  Encounter rate modelling 

carried out for the MeyGen project predicted between 6.5 and 7.8 harbour seal 

‘encounters’ per turbine per year depending on the density estimate used (SRSL, 

2012).  An encounter was defined as the rate of encounters between an animal and 

the volume of the swept area of the rotors.  Equivalent predictions for harbour 

porpoises were between 4.9 and 9.4 depending on whether a mean estimate or 

upper confidence limit of the density estimate was used.  These numbers are low but 

scaling them up to the volume covered by the monitoring system could potentially 

allow the determination of how many detections to expect.  The encounter rate can 

then be monitored on a regular basis to assess how empirical rates compare to 

those predicted. 

 

However, an on-going re-assessment of collision risk for the project provided 

estimated collision rates of between 13 and 389 per turbine per year for harbour 

seals depending on which available mean density estimate was adopted (Band et al. 

in review), and if the wide confidence intervals around these density estimates are 

considered, the potential range is even greater.  It is clear that there is some 

uncertainty regarding the likely encounter rates and it will be important to regularly 

review detection rates and update predictions of risk accordingly.  
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The ability to measure avoidance or evasion behaviour will depend entirely on the 

encounter rate and as noted above, there is uncertainty about what this might be at 

the site.  Therefore, it is difficult to define an exact required monitoring period, 

however, it is likely that an extended monitoring period of at least twelve months will 

be required.  

 

The primary target species around Scotland in areas of tidal energy resource are 

harbour porpoises and harbour seals.  Together these are the species of most 

concern due to the high potential for encounter for harbour porpoises (Wilson et al., 

2007) and the current unfavourable status of the Scottish harbour seal population 

(SCOS, 2015). These target species are also representative of the two primary 

‘types’ i.e. an echo-locating cetacean species that can be detected acoustically and 

a seal species which do not echolocate and can only be detected by active or visual 

means. 

 

The approach considered here comprises three sensor systems: Passive Acoustic 

Monitoring (PAM), Active Acoustic Monitoring (AAM) and Video Surveillance.  Whilst 

each of these systems have been used to study marine animal movements, their 

combined application in a high tidal energy environment requires development and 

testing. 

 

This report details the progress of Phase 1 of the Scottish Government 

Demonstration Strategy (SGDS) project: Developing and testing methodologies for 

measuring fine scale marine mammal movements around tidal energy devices.  

 

To achieve its objectives, the project was split into a number of distinct tasks: 

 

 Sensor and platform choice; 

 Identification of development work required to provide a system to meet these 

requirements; 

 Hardware and software development work;  

 Field tests; 

 Scoping and planning for Phase 2 of the project – the deployment of the 

system at a tidal energy development.  
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2.3. Project Outputs and Tasks  

 

The deliverables from Phase 1 of the SGDS project are as follows: 

 

1. Further development of suitable active and passive sonar systems for 

deployment in a high tidal energy site. This should involve some initial 

experimental field trials to test the capabilities of the systems in a high tidal 

energy environment, resulting in, 

 

2. A technical specification for an AAM, PAM and video monitoring system that 

has the capacity to track marine mammals around tidal turbines including both 

hardware and software, and including consideration of positioning and 

mounting. 

 

The remainder of this report is split into a number of sections.  

 

Section 3 is a review of the available sensor systems and options for deployment 

platforms (e.g. autonomous battery powered system or cabled to shore).  The 

section concludes with the recommendations for PAM, AAM and video surveillance 

systems and configurations, as well as the preferred option for deployment platform.  

 

The subsequent sections (Sections 4 to 7) detail the development and testing work 

that was undertaken for each sensor type.  These all follow a similar format where 

the development objectives are described, followed by accounts of the work carried 

out to meet those objectives, both in the laboratory and in the field, and both in terms 

of hardware and software development.  Since the location and methodology of the 

AAM and PAM field trials overlapped, an overview of the field trials is provided in a 

separate section to avoid repetition.  

 

Section 8 provides a discussion and an overview of the development work still 

remaining before the deployment of the sensors integrated with a tidal turbine can 

take place in addition to providing an overview of the general principles to be 

considered for the implementation of this type of monitoring on other projects.  
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3. Sensor Choice and Platform Review  

 

At the outset of this project, it was identified that there were a number of available 

options for sensor choice/configuration and deployment platform.  A review of these 

options was carried out as the first task in this project.  A separate report was 

completed which described the available options for both sensor choice and 

deployment options, detailed the evaluation process and provided recommendations 

for progression (McConnell et al., 2013).  

 

3.1. Sensors: PAM 

 

Both echolocation clicks and whistles can be localised by measuring the time of 

arrival differences of the sounds on multiple hydrophones.  A closely spaced cluster 

of four hydrophones arranged in a tetrahedral pattern can measure bearings to a 

sound source, but will not provide any range information.  However, if the 

hydrophones are spaced further apart they can, in principle, track animals in three 

dimensions.  In practice more than four hydrophones are required for accurate 

tracking, with tracking accuracy falling off rapidly beyond the array boundaries.  As a 

rule of thumb, reasonable accuracy can be obtained out to about three times the 

array dimension, with very poor accuracy beyond ten times the array dimension. 

Operation of volumetric arrays does of course require the sounds to be detected on 

multiple hydrophones and the different sounds on the different hydrophones to be 

accurately matched.  This can be problematic due to the highly directional nature of 

echolocation clicks which effectively makes it impossible for an animal such as a 

porpoise to be pointing towards multiple widely spaced hydrophones at the same 

time.  Previous research has shown, however, that animals can successfully be 

detected on multiple hydrophones tens of metres apart (Macaulay et al., 2015).   

 

Harbour porpoise vocalise at a frequency of around 130 kHz, which requires 

specialist ultrasonic sampling equipment, typically sampling each hydrophone on the 

system at a rate of at least 500 kHz.  Uncompressed 16 bit data from a single 

hydrophone, therefore, requires 86 GBs of storage per day.  A four channel system 

would, therefore, require 345 GBs and an eight channel system nearly 0.7 TBs of 

storage per day.  While there are an increasing number of commercially available 

autonomous recorders on the market (Sousa-Lima et al., 2013) none of these are 

capable of multi-channel high frequency recording and, even if they were, they are 

unable to store the data for more than a day or two.  

 

For this application a Commercial DAQ Chassis based system was selected – with 

up to ten hydrophones connected via custom built preamplifiers to a National 
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Instruments chassis (e.g. NI cDAQ-9188 or cRio 9067).  Simultaneous sampling 

occurs across all channels making it ideal for accurate timing measurement.  The 

system can be installed as either stand-alone, or connected via high speed Ethernet 

to shore.  When connected to shore, processing takes place in real time on a 

standard PC, which can detect and localise both clicks and whistles in near real time 

and also archive either all, or a selection of, the raw audio data for later analysis.  

 

Power consumption of the system (including the NI chassis and associated 

preamplifiers) is approximately 10W.  A 100Ah battery would, therefore, run the 

system for five days.  One of the FLOWBEC (Williamson et al., 2015) battery banks 

with an 1100Ah capacity could potentially run the system for 50 days. 

 

When running stand-alone on an autonomous platform, the duration of deployments 

is limited primarily by data storage capacity.  With lossless data compression 

(Johnson, Partan, and Hurst, 2013) a four TB hard drive would provide storage for 

20 days of data for an eight channel hydrophone system.  When connected via 

Ethernet cable to shore, deployment duration is unlimited.  However, a reasonably 

high bandwidth (minimum 100 Mbps) Ethernet connection is required.  

 

The cabled system can process data from up to ten independent hydrophones 

simultaneously and has the great advantage of providing high resolution real time 

data to operators on shore.  Power is supplied from shore and is, therefore, unlimited 

as is storage since hard drives can easily be swapped by on shore operators.  The 

system is reliant on the availability of a shore cable providing power and high speed 

fibre capable of delivering a data rate of 100Mbps, though this is not a problem using 

standard fibre LAN components if a dedicated fibre can be made available for PAM 

data only.  Shore side processing is accomplished using the PAMGuard software 

(Gillespie et al., 2008; www.PAMGuard.org) which is fully open source.  

 

This system has been installed in a ‘cabled to shore’ format on the Tidal Energy Ltd 

(TEL) turbine recently deployed in Ramsey Sound.  The stand-alone system has 

been developed under a Natural Environment Research Council (NERC) Knowledge 

Exchange grant and trials of a free floating system, in which the data acquisition 

chassis was housed in a floating barrel with an eight hydrophone tracking array 

suspended beneath it, were recently successfully completed in Kyle Rhea Scotland 

and the West Anglesey Demonstration zone in Wales (Macaulay et al., 2015). 

 

Whether operating in stand-alone or cabled mode, data processing is conducted 

using the PAMGuard software which can search simultaneously for both clicks and 

whistles.  A modern PC is capable of searching each data channel individually for 
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sounds of interest, so hydrophones can be installed in almost any configuration. 

Three dimensional localisation is available for clicks which will be implemented for 

whistles in the future. 

 

3.2. Sensors: AAM 

 

Previous work through a Department of Energy and Climate Change (DECC) funded 

project reviewed a wide range of active sonar systems, critically testing and 

validating a selection of systems that could potentially be used as marine mammal 

tracking systems for the tidal stream energy industry (Hastie, 2012).  The results 

suggest that one system (Tritech Gemini) has the potential to reliably detect and 

track small marine mammals around tidal stream energy devices at relatively high 

resolution without causing overt behavioural responses by animals.  The Gemini has 

proved to be effective at detecting marine mammal species including grey and 

harbour seals, harbour porpoises, and bottlenose dolphins.  To date, this remains 

the only system that has been fully validated with marine mammals and has been 

shown not to cause overt behavioural responses by marine mammals (Hastie, 2012).  

Although there are clearly a number of other sonar systems capable of detecting 

marine mammals (with other devices, such as the Imagenex multi-beam used in the 

FLOWBEC system, showing promise for the detection of marine mammal targets in 

tidally energetic environments (Williamson, 2015)), at this stage it would be relatively 

high risk for the project to consider using these prior to further detection capability 

and behavioural response tests; it is  therefore recommended that the Tritech Gemini 

be used for this application.  

 

Previous work testing the detection capabilities of the Gemini (Hastie, 2012) was 

carried out in low energy tidal areas and the imaging capabilities of this system in 

tidally energetic areas was not validated.  The use of multi-beam sonar in tidal 

environments can be limited by inherent problems associated with acoustics in these 

conditions; it is known that the highly heterogeneous water characteristics near the 

surface or wind generated clutter are likely to have significant impacts on the 

imaging capabilities of sonar.  It is possible that animals will be effectively masked by 

acoustic clutter under certain conditions, therefore, some testing is required in a 

seabed mounted configuration (see Section 6.7.1). 

 

The temporal resolution of the Gemini is approximately 10Hz when imaging up to 

ranges of 60 metres; the angular range resolution is 0.5° and the range resolution is 

0.8 cm.  The horizontal and vertical swathe widths of the Gemini are 120° and 20° 

respectively.  Effective automated detection ranges measured in previous work were 

~36 metres (Hastie, 2012).  It would, therefore, seem most efficient to mount the 
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sonar at a location approximately 30-36 metres from the rotors.  Given this, the most 

efficient option for monitoring the rotors would be a remote platform located at this 

distance from the side of the turbine. 
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(a)  

 

 

 

 

 

 

 

 

(b)  

 

(c)  

 
 
Figure 1: Potential deployment configurations of multi-beam active sonar deployed on a 
remote platform to the side of an 18 m diameter rotor turbine.  The figure illustrates the 
approximate rotor coverage using (a) single, and (b) dual sonar heads, and (c) shows a plan 
view of the approximate horizontal coverage.  These configurations are based on the 
dimensions of the proposed devices for the MeyGen site.  
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Given the vertical swathe of the multi-beam is 20°, the effective vertical coverage of 

the rotors at a range of 30 metres from the turbine would be ~11 metres; this clearly 

limits the monitoring capabilities for turbines with larger rotors.  However, full rotor 

coverage for larger turbines could be achieved using two sonar heads on a remote 

platform (Figure 1), although this would need more power. 

 

Based on these general monitoring approaches, two systems are described (each 

with one or two sonar head configurations) which could be used for long term sonar 

monitoring: 

 

System 1: Multi-Beam Sonar with Fibre Cable to Turbine/Shore 

 

As described above, the most efficient location for a sonar monitoring platform would 

be located ~30 metres to the side of the turbine with a single or dual (depending on 

rotor diameter) multi-beam sonar orientated to cover the rotors.   

 

Power (24V) for the platform would be supplied via an umbilical from the turbine.  As 

raw data can effectively be streamed ashore using the same umbilical, no on board 

detection or tracking processing would take place and all raw sonar data transfer 

would be direct via a high speed optical fibre to a PC onshore; processing and data 

storage would also take place onshore.  The system is reliant on the availability of an 

umbilical providing suitable power and high speed fibre capable of delivering a data 

rate of a minimum of 100 Mbps; in practice data rates are markedly lower than this 

but it is not anticipated that using standard fibre LAN components would be 

problematic. 

 

The platform for the sonar mounting could be a relatively small structure (similar to 

an ADCP mount) but would require appropriate ballast for the tidal conditions. 

 

System 2: Multi-Beam Sonar on Autonomous Platform (e.g. FLOWBEC)  

 

In an autonomous configuration, power for the platform would be supplied from a 

bank of batteries on the platform.  This is the approach taken by the FLOWBEC 

platform which has a total of ~4,400Ah of battery capacity at 12V on it.  Seventy five 

percent of this (assuming 25% used to power an accompanying PAM system), under 

full discharge would potentially provide power for a single or dual sonar system for a 

total of 38 and 21 days respectively.  If anything less than full battery discharge was 

required (e.g. to prolong battery life) then these times would reduce accordingly.  
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As raw sonar data cannot be streamed to shore in this configuration with a battery 

powered platform such FLOWBEC, on board detection or tracking processing would 

have to take place on an integrated low power PC with data storage on an external 

4TB HDD.  Based on storing all raw data, this approach would allow a total of 36 and 

18 days monitoring for a single and dual sonar system respectively.  Alternatively, by 

running the on-board detection algorithms and only saving data associated with 

target detections, the storage requirement could be markedly reduced.  For example, 

based on a detection of three targets per hour, a total of 164 and 82 days monitoring 

would be possible for the single and dual sonar systems respectively (although 

power would become limiting before this). 

 

3.3. Sensors: Video Surveillance 

 

Video surveillance can be used to detect a subset of any animal encounters, 

although it is restricted to periods of good visibility.  Video during such windows of 

daylight and good visibility may determine and characterise those PAM and AAM 

track segments that could potentially have resulted in a collision.  Thus video will be 

continuously streamed (estimate of 16 Mbps per camera) ashore and archived on 

hard drive.  These data will be inspected when there is indication from the PAM or 

AAM systems that there has been likely animal encounter.  It is also proposed, 

however, that random segments (say one hour duration each day) should be 

inspected to ensure that there are no video-detected animal encounters that were 

not detected by PAM and/or AAM. 

 

It is acknowledged that video surveillance and thus the ability to interpret the 

outcome of animal encounters is not available at night or in poor underwater 

visibility. 

 

The siting and design of any video surveillance system depends on the turbine and 

foundation design.  Here, two system configurations for a specific turbine (Atlantis 

AR1500 with bespoke foundation – planned for deployment in 2016 by MeyGen) are 

considered: 

 

3.3.1. Nacelle Mounted Video 

 

MeyGen have specified that there will be a single camera mounted on the nacelle 

(casing) whose primary purpose is to provide visual information on turbine operation.  

Its field and direction of view can be adjusted shore side by a remotely controlled 

zoom, pan and tilt mechanism.  It will be fitted with a mechanical scrubber to remove 
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any optical port bio-fouling.  However, at any one time it will be only able to view a 

small part of the rotors (less than one third of total arc of rotation).  Therefore, the 

nacelle mounted video is not ideal for the monitoring requirements of this project. 

 

3.3.2. Foundation Mounted Video 

 

The preferred option is to mount a total of two wide-angle video cameras on two of 

the foundation legs.  They would be positioned just inboard of the hydrophone 

clusters – and would share the cabling conduit to the dry junction box on the 

foundation tower.  Being wide-angle, these video cameras will capture more than the 

turbine arc, enabling near misses to be positively detected where visibility allows. 

 

3.4. Platform Choice 

 

The practical difficulties of installing complex monitoring systems in a highly 

energetic marine environment should not be underestimated and while attempts 

were made to separate out the “Sensors” from the “Platforms” it was not possible to 

finalise one without consideration of the other. AAM, PAM and video all generate 

considerable quantities of data (many GBs per day) which must either be stored or 

processed on the device or transmitted to shore, and they all require power.  

 

The power required to operate the sensors and the storage required for the data they 

generate restrict the lifetime of autonomous battery powered platforms.  On the other 

hand, the infrastructure costs for cabling these devices to shore are not insignificant. 

Thus there is not a “one size fits all” monitoring solution, but a number of options for 

both the platform/installation method and for the sensor technology to choose from 

for a particular application.  

 

In order to inform the evaluation of the available deployment options, a number of 

key drivers were identified in discussion with the project steering group.  These are 

outlined in Table 1.  
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Table 1 
Key drivers used to evaluate deployment options. 

 
Driver Description 
Data latency The time between data collection and having the data ‘in hand’ to examine. 

How ‘real time’ is the monitoring?  
 

Suitability for 
preferred sensors 

Can the power and data requirements of selected sensor (PAM and AAM 
and video) technology be met using the proposed deployment option?  
 

Ability to alter 
monitoring settings 

Can the user communicate with the sensors in situ to change settings if 
required? 
 

Duration of 
deployment 

How long can individual monitoring periods be before power availability or 
data storage limits continuing data collection? 
 

Generality How easily the technology or design can be applied to a range of sites and 
tidal turbine technologies. 
 

Scalability How easily the technology can be scaled up to monitor an array of turbines 
over extended time scales. 
 

Technology 
readiness/availability 

Is the deployment option already available ‘off the shelf’? If not, what 
development work is required?  What other resources are required? 
 

Lack of impact Is the methodology proven not to influence the behaviour of marine 
mammals? 
 

Availability for use in 
this project 

If already developed, is the option available for use in the current timelines of 
the project?  
 

Cost - Development What is the cost involved in developing the deployment option to meet the 
requirements of this project? 
 

Cost – Running  What are the costs involved in ongoing monitoring using a particular 
deployment option? 
 

Risks/Intervention 
requirements 

What are the risks involved in the particular deployment option? How easily 
can they be mitigated? What requirements are there to access underwater 
components using divers/ROVs etc.?   
 

Redundancy What happens when things go wrong? How much redundancy can be built 
into the system to mitigate against technical problems? 
 

 

A number of deployment options were identified and reviewed based on these 

criteria.  From this review, two main options were identified:  

 

1. To cable the sensors to shore via the turbine with power and data transfer 

abilities supplied by the turbine infrastructure, or 

2. To deploy on an autonomous, battery-powered system. 
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Table 2 provides a summary of the evaluation of these two options against the 

drivers identified above while Table 3 provides a summary of the advantages and 

disadvantages of each system.  

 
Table 2 
Evaluation of each deployment option against the key drivers.  
 
Driver PAM and AAM on turbine 

or remote structure(s) - 
power & comms. via cable 
from turbine 

Using a self-contained, 
autonomous platform such as 
FLOWBEC as remote 
structure for PAM and AAM- 
battery power and on board 
data storage 

Data latency Low High 

Suitability for preferred 
sensors 

High Medium – suboptimal spacing 
for PAM clusters 

Ability to alter monitoring 
settings 

High Low 

Duration of deployment Not limited by power or 
comms 

Short  
(~20 days - PAM data storage 
limits duration) 

Generality Medium High 

Scalability Medium Medium 

Technology 
readiness/availability 

Medium 
 

High 

Availability for use in this 
project 

Dependent on turbine 
manufacturers and 
operators 

Dependent on FLOWBEC frame 
availability  

Cost - Development ~£20K  ~£10K 

Running cost of 1 year of 
deployment 

~£45K 18x 20d  deployments = ~ 
£340K (from previous 
deployments at EMEC) 

Risks/intervention 
requirements  

Risks associated with cable 
connection. Requirement for 
ROV or diver for electrical 
connection to turbine. 
Potential risk to turbine from 
umbilical. Complexity of 
connections and integration 

Deployed and retrieved from 
boat. ROV required for retrieval. 
Little risk to turbine. Additional 
H&S risk of multiple boat 
operations. 

Redundancy and maintenance Can build in redundancy and 
system can be accessed 
remotely to troubleshoot, 
although heavy reliance on 
cable and connectors – 
difficult to access / replace 
hardware 

Little redundancy possible on 
single deployment. System has 
to be recovered to alter settings. 
But regularly maintained so 
there is opportunity to replace or 
repair hardware between 
deployments. 
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Table 3 
Summary of the main advantages and disadvantages of the two main deployment options.  

 
Option Advantages Disadvantages 

PAM and AAM 
integrated with 
turbine (either on 
remote structure or 
on turbine structure 
itself but power & 
comms via cable 
from turbine 

 Extended, continuous  deployment 
 Risk of data loss low 
 Real time data inspection (reduced risk of data 

loss and ability to ‘tweak’ settings)  
 Can trigger video data collection 
 Smaller seabed deployment footprint possible 

 Expense of cable system 
 Difficulty/cost of connection 
 Failure of umbilical would result in loss of 

monitoring 
 H&S implications of underwater connections – 

ROVs or divers  
 Dependent on cooperation (and funding) with 

turbine manufacturers/operators 
 Not field tested  
 Cannot collect baseline data 
 

Using FLOWBEC as 
remote structure for 
PAM and AAM- 
battery power and on 
board data storage  

 Can be deployed anywhere 
 Independent of turbine design 
 Field tested and reliable 

 Baseline data collection possible 
 Deployment and retrieval relatively low risk to 

turbine 
 Repairs/replacements possible between 

deployments 
 

 Only short deployments possible – system power 
and data limited 

 High cost of multiple deployments  

 Cannot check data/tweak settings during 
deployment so if there is a problem, data will be lost 

 Cannot trigger other monitoring systems in real time 
 Requirement for adaptation of existing platform to 

accommodate PAM array and integrate with 
existing sensors 

 Dependent on availability of FLOWBEC  
 



 

23 

 

3.5. Recommendations for Sensor and Platform Choice 

 

After evaluation of the available sensor types, the preferred solutions for this 

application are the Gemini Tritech multi-beam system for the AAM and a multi 

hydrophone volumetric array based on the NI-chassis type system for the PAM.  

Although the choice of preferred sensor types are somewhat independent of the 

deployment platforms under consideration, it is impossible to finalise one without 

consideration of the other.  While both the preferred PAM and AAM sensor systems 

can run on autonomous platforms using battery power and local data storage, the 

deployment duration will be limited.  If the preferred PAM system is deployed then 

duration is ultimately limited by the data storage capabilities (20 days with 4TB on-

board storage).  A single multi-beam would run for approximately 38 days using 

three quarters of the battery power capacity available on the FLOWBEC frame 

(assuming three banks used to power the multi-beam and one bank to power the 

PAM), however, as two multi-beam units would be required to image turbine rotors of 

18 m diameter, this would reduce deployment period to 21 days.  

 

Due to the likely relatively low encounter rate of marine mammals with turbines, and 

the need for a prolonged period of near continuous monitoring to get sufficient 

sample sizes and statistical power to make robust inferences from the early 

demonstration projects, it is recommended that a cabled system would provide the 

best chance of implementing an optimal monitoring solution capable of meeting the 

project objectives.  Early discussions with turbine engineers suggested that this was 

a practical option and the development and maintenance costs involved are below 

those estimated for regular retrieval and deployment visits for an autonomous 

platform.  

 

The outcome of this review was discussed by the Project Steering Group at a 

meeting in September 2014, and based on input from MeyGen confirming that the 

sensor systems could be cabled and interfaced with the AR1500 turbine and that the 

alternative turbine design (Andritz Hydro Hammerfest) lacked suitable power and 

data communications bandwidth, the decision was made to develop an integrated 

cabled monitoring solution with the AR 1500 Atlantis turbine.  
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4. Overview of Field Trials 

 

There were two separate sets of field trials carried out as part of the development 

programme to meet the objectives listed in the subsequent sections.  These were 

carried out in June and August 2015 on the west coast of Scotland in the Kyle of 

Lochalsh/Kyle Rhea and the Sound of Sleat area.  Further details of each of these 

field trials are provided below.   

 

4.1. June 2015  

 

Trials of the PAM and AAM systems under development were conducted in waters 

between the Isle of Skye and the mainland, between 7 and 12 June 2015.  The trials 

had the following aims:  

 

a) Conduct preliminary tests of PAM system performance; 

b) Assess the ability of a dual AAM system to measure the depth of seals from 

the relative acoustic intensities on different AAM systems; 

c) Conduct a fine scale site survey of possible mooring sites in the upper Sound 

of Sleat in preparation for more extensive trials of both the PAM and AAM 

systems in August 2015. 

 

4.2. August 2015  

 

The August field trials involved deploying bottom mounted frames holding monitoring 

equipment at two sites in the Sound of Sleat (#1 on Figure 2) and Kyle Rhea (#2 on 

Figure 2).  The exact locations of the deployments are given in Table 4.  The trials 

had the following aims:  

 

AAM: 

 

a) Test deployment and operation of twin Gemini sonars on a fixed seabed 

mounted platform for a period of weeks; 

b) Investigation of the imaging capabilities of the sonars from a seabed mounted 

perspective (evaluate effects of surface turbulence/wave action on the sonar 

data); 

c) Collection of data to validate the marine mammal classification algorithms 

(sonar data in combination with visual observations of marine mammals); 

d) Collection of data to validate 3D marine mammal tracking (seal carcass towed 

through the sonar beams); 
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e) Investigate biological growth on the sonar transducers over a longer period of 

deployment;  

f) Deploy an EK60 echo sounder to evaluate potential cross talk between the 

sonars (this is because of plans to deploy an EK60 as part of the extended 

monitoring at the MeyGen site)  

 

PAM: 

 

a) Test deployment and operation of two domed hydrophone clusters on fixed 

seabed mounted platforms for a period of weeks; 

b) Investigation of detection probability and localisation accuracy of the 

hydrophone clusters; 

c) Investigation of the ability to detect and tract VEMCO acoustic pinger tags 

(these tags could be fitted to seals so they could be detected and tracked with 

the PAM); 

d) Deploy an EK60 to evaluate potential interference with PAM monitoring and 

understand the potential for the EK60 signal to influence the behaviour of 

marine mammals; 

e) Evaluation of dome shape and hydrophone spacing. 

 

 
 
Figure 2: Chart of the Sound of Sleat (#1) and Kyle Rhea (#2) with the mooring and 
deployment positions indicated. 
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Table 4 
Deployment locations of the three High Current Underwater Platform (HiCUPs). 

 
HiCUP Unit Longitude Latitude 

Active sonar HiCUP 5°39.606'W 57°13.019'N 
 

Passive sonar cylindrical-top HiCUP 
(hydrophone channels. 0, 1, 2, 3) 
 

5°39.631'W 57°13.010'N 

Passive sonar spherical-top HiCUP (hydrophone 
channels. 4, 5, 6, 7) 
 

5°39.603'W 57°13.039'N 

 

4.2.1. HiCUP Design 

 

A High Current Underwater Platform (HiCUP) for housing the monitoring equipment 

was designed and built for these trials.  The requirement was for a structure which 

could be placed on, and retrieved from, the sea bed by a relatively small non-

specialist, locally available vessel, would be stable on uneven terrain and would not 

move in tidal currents of up to six knots.  Additional considerations were that it 

should be possible to break the structure down so that it could be transported on a 

standard Euro-pallet.  The dimensions (0.5 m high and 1.8 m from centre to end of 

each leg), shape and design were based on calculations of turning moments and 

stability for a structure in a high tidal current.  These dictated a structure which was 

heavy, had as low a profile as possible, a broad base and three points of contact 

(Figure 3).  Each HiCUP was fabricated in steel with 400 kg of lead ballast, and each 

had an overall weight of 1000 kg.  Three of these platforms were constructed, one 

for the deployment of the dual Gemini sonars and two for the deployment of two 

hydrophone clusters.  The PAM (Section 5) and AAM (Section 6) sections below 

provide more detail on the HiCUP equipment deployments in August 2015.  Figures 

4 and 5 show the platforms being deployed and the vessel used for deployment. 
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Figure 3: Design of Hi Current Underwater Platform (HiCUP).  
 
 

 
 
Figure 4: Hi Current Underwater Platform (HiCUP) with dual sonar configuration being 
deployed in Kyle Rhea. 
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Figure 5: Research vessel in the north-western part of the Sound of Sleat, cabled to 
underwater passive and active acoustic HiCUP clusters, in August 2015. 
 

5. Passive Acoustic Monitoring System Testing and Development 

 

Previous work showed that arrays of multiple hydrophones are capable of localising 

and tracking echo-locating harbour porpoises.  In particular, this work showed that in 

spite of the narrow beam of sound produced by this species, clicks were detected on 

hydrophones sufficiently far apart for accurate 3D localisation (Macaulay et al., 

2015).  The study used drifting vertical arrays consisting of a small tetrahedral 

structure close to the surface with an additional four or eight hydrophones hanging in 

a vertical line.  For a given number of hydrophones optimal localisation will, in 

principle, be achieved with the hydrophones spread out individually about the volume 

of interest.  In real working conditions, each individual deployed hydrophone carries 

with it cabling and mounting infrastructure costs as well as the requirement of 

knowing exactly how each hydrophone is positioned.  Furthermore, it may be difficult 

to match clicks on widely spaced hydrophones, particularly when time of arrival 

differences between different hydrophones approach typical inter-click intervals for 

the species under study.  The approach of mounting hydrophones in clusters of four 

in a tetrahedral geometry was therefore adopted.  Each Tetrahedral Hydrophone 

Cluster (THC) can estimate unambiguous bearings to detected sounds, but provides 

no range information.  When data from two or more THC’s are combined, three 

dimensional tracking is possible.  Each THC has dimensions in the range 30-50 cm, 
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meaning that they can be constructed and mounted as single units, thereby reducing 

cabling and siting complexity and cost.   

 

5.1. Methods 

 

5.1.1. Hydrophone Cluster Design 

 

Hydrophones within each THC need to be rigidly supported, but using a minimum of 

material so as not to cause reflections and distortions in the sound paths between 

each hydrophone, reducing the accuracy of timing measurements.  At the same 

time, each cluster needs to be physically strong in order to survive the high energy 

environment around a tidal turbine and collisions with matter (seaweed, debris, etc.,) 

moving in the tidal flow.  To satisfy the conflicting needs of a light structure and a 

strong structure, THCs were mounted on a light frame, housed within a physically 

strong, but acoustically transparent cowling.  High density polyethylene was 

identified as a material having an acoustic impedance close to that of seawater.  This 

is a material which is physically robust and easy to weld. It is widely used for 

construction in the fish farm industry and is also used for the hulls of small working 

vessels.   

 

Table 5 
Hydrophone cluster specifications. 
 
 Cylindrical Cluster Spherical Cluster 
Hydrophone Spacing 30 cm 15 cm 

 
Hydrophone element 6 mm cylinders 12.5 mm spheres 

 
Cowling Shape Flat topped cylinder Domed 

 
Distance hydrophone to wall (time for 
sound to travel that distance) 
 

7.7 cm (102 s) 16.3 cm (218 s) 

 

Two THCs were constructed, one with a 30 cm spacing between hydrophones, the 

other with a 15 cm spacing.  The 30 cm spaced hydrophones were made from 6 mm 

cylindrical ceramics, the 15 cm spaces ones from 12.5 mm spheres.  These were 

housed under two differently shaped cowlings, the first having a flat top and the other 

a more domed shape (Table 5).  Flanges were welded to the two cowlings so that 

they could be securely bolted to a plywood base supporting the hydrophone mounts  

(Figure 6).  
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In order to demonstrate that this arrangement of multiple hydrophone clusters 

around a turbine would provide the required detection and localisation range and 

accuracy for monitoring the fine scale behaviour of echo-locating cetaceans around 

a tidal turbine, a number of developments and experimental trials were required: 

 

 Testing of the THCs on fixed seabed mounted platforms in an area of tidal 

current for a period of weeks; 

 Investigation of detection probability and localisation accuracy of the 

hydrophone clusters; 

 Evaluation of cluster cowling shape and hydrophone spacing;  

 Investigation of the potential for interference from the Tritech Gemini sonars; 

 Development of data acquisition system to allow stable recording of 12 

channels of data simultaneously.  

 

5.1.2. Tag Detection and Tracking 

 

In addition to the primary task of detecting and tracking small cetacean species, the 

possibility of using the PAM system to track tagged seals was investigated.  Neither 

harbour nor grey seals regularly vocalise, therefore, it was suggested that if a 

number of local seals were to be fitted with acoustic pinger tags, any interaction with 

the turbine could be detected by the PAM system.  Acoustic pinger tags are mainly 

used in fish studies and the commercial availability of such fish tags was reviewed.  

For this study the tags should: 

 

1. Transmit frequently (interval <=1s) to provide sufficient temporal resolution; 

2. Last at least three months; 

3. Be detectable by bespoke PAMGuard algorithms; 

4. Be individuality identifiable;  

5. Be capable of being tracked by the PAMGuard system; 

6. Interfere minimally with seal behaviour. 

   

Figure 6: Polyethylene cowlings, on a plywood base, used to protect the two hydrophone 
clusters.  
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The preferred pinger tag was the VEMCO V16P-6H continuous transmitter 

(http://VEMCO.com/wp-content/uploads/2014/05/v16-cont.pdf) which transmits at a 

frequency of 83 kHz every 1-2 s (depending on depth) and has a longevity of 

approximately 100 days (see Figure 7). 

 

 

 

   Figure 7: VEMCO V16P-6H continuous transmitter tag. 

 

Unfortunately, the VEMCO tag does not encode its identity number and so does not 

satisfy criterion four, above (be individually identifiable).  However, if these animals 

are also tagged with identifiable GPS transmitting tags (e.g. Fastloc UHF tags), 

these will provide locational information for each seal and, therefore, any detections 

of pinger tags on the PAM system can be linked to individual seals based on the 

GPS tag data.  

 

It is possible that a seal would be able to detect faint clicks from this tag at the start 

of each transmission, although this possibility requires formal investigation.  

Furthermore, 83 kHz is within the hearing range of predators of seals [killer whale 

(Orcinus orca) auditory threshold at 80 kHz has been reported as 65-78 dB 

(Szymanski et al., 1998)] and there is a clear risk that they could passively detect 

these tags if deployed on seals. It is unlikely that prey species would hear the tags. 

 

5.1.3. Sound of Sleat Deployments 

 

The Sound of Sleat site field deployment consisted of three steel tripod HiCUP 

frames.  One held two Gemini 720 kHz multi-beam sonars (see Section 6) and the 

other two each held a THC unit.  The frames were connected to a concrete block 

attached to a buoy at the surface (Figure 8).   
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Unfortunately, an error in deployment location led to the equipment being deployed 

approximately 100 m from the planned location position.  This meant that the 

equipment was deployed in shallower water than was anticipated (~8 m, instead of 

15 m) and out of the main current.  In addition, the contractor deployed the two PAM 

HiCUPs 50 m apart rather than the 20 m specified.  This had implications for the 

probability of detecting porpoises simultaneously on both clusters and therefore 

tracking probability.  

 

 
 
Figure 8: Configuration of mooring and instrument deployment at the Sound of Sleat.  

 

The two THCs (described above) were deployed on the outer two HiCUPs with the 

pair of Gemini sonars on the central one (Figure 8), with cables from all three 

HiCUPs run to a boat moored on a second concrete mooring block some 80 m away 

in slacker water.  Signals from all eight hydrophones were conditioned and amplified 

on the vessel before being digitised and stored as WAV files using a boat-based 

computer and data acquisition system sampling at 500 kHz.  Occasionally, the 

vessel would have to leave the mooring, either due to poor weather or the need to 

resupply.  When disconnected, waterproof blanking plugs were fitted to cable ends 

from the HiCUPs and the cable ends tied off to a buoy and left floating next to the 

mooring.  Passive and active data were recorded continuously 24 hours a day to 

hard disk drives whenever the vessel was at the mooring.  

 

5.1.4. Alignment and Calibration Trials 

 

Calibration trials were conducted in order to determine both the location and 

orientation of each hydrophone element on each passive acoustic THC, and to 

evaluate the localisation accuracy achievable by these devices with representative 

signals in field conditions.  These trials involved broadcasting simulated harbour 

A 
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porpoise clicks and a frequency modulated click signal from a hydrophone at a 

known depth.  

 

The calibration system was deployed from a drifting dinghy whose location was 

determined using GPS.  A VHF radio link was used to synchronise the transmission 

time of each burst of signals on the broad band multi-track recordings made on the 

research vessel.  For some trials, VEMCO “pinger tags” were also deployed to 

provide information on the tracking accuracy that could be achieved for active 

acoustic tags using the PAM system, and a sonar target was deployed to determine 

the location and orientation of the Gemini sonars.  Calibration trials were carried out 

over a total of ~20.5 hours.  

 

Sweeps from the calibration trials were used to localise the THCs by optimising their 

x, y, z locations, heading, pan and tilt to best fit the data.  The simulated porpoise 

clicks were used to investigate localisation and timing accuracy.   

 

5.1.5. Acoustic Data Analysis 

 

PAM data were analysed using PAMGuard (www.PAMGuard.org; Gillespie et al., 

2008).  An automated click detector with a porpoise click classifier, and whistle and 

moan detector to detect dolphin whistles, was applied to all collected data.  For a 

narrow band, well defined signal, such as those from the VEMCO tags, an optimal 

detector would filter incoming data with a narrow band pass filter covering only the 

frequencies emitted by the tag(s) prior to detection.  In principle it would be possible 

to run separate detectors for VEMCO tags and for cetacean clicks (which require a 

broader band detection system).  While relatively straight-forward in the laboratory, 

for a future real time system, running two sets of detectors on multiple channels at 

high frequency would likely require more than one PC to process data at the required 

rate.  Implementing data sharing between two PCs in this way is not possible with 

current software (Section 5.4), although it could probably be implemented if required.  

In order to avoid additional time consuming software developments, focus was 

placed on using a single detector for both cetacean clicks and VEMCO tags and to 

then separate the various click types using the PAMGuard click classification 

systems.  

 

The PAMGuard click detector was, therefore, configured to detect transient sounds 

with energy between 70 and 150 kHz rising 15dB or more above background noise. 

Detected clicks were automatically classified as dolphin, porpoise or VEMCO tag 

based on their spectral properties.  VEMCO tag sound clicks were identified by their 

concentration of energy at the known frequencies for these devices, whilst cetacean 
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and artificial calibration clicks were identified by their energy in the 100-150 kHz 

band.  Sequences of porpoise and dolphin clicks received on either or both PAM 

clusters were identified by an experienced analyst and grouped into “encounters”.  

An encounter was defined as an instance when classified clicks grouped in clear 

click trains were recorded within ten minutes of one another (Figure 9).   

 

If hydrophone locations are accurately known, then sound source localisation 

accuracy is largely governed by how accurately it is possible to measure time of 

arrival differences of signals at different hydrophones.  In order to improve timing 

accuracy for the VEMCO tag signals, new timing algorithms were developed 

specifically for the long VEMCO signals.  This work is described in detail in Appendix 

A.  

 

Generated sounds originating from the same location should generate the same time 

delay measurements on each hydrophone pair.  Timing accuracy was, therefore, 

measured by comparing time of arrival differences for adjacent generated porpoise 

clicks and fish tag pings, which being close together in time, would have originated 

from a very similar location.  If each timing measurement error can be assumed to be 

independent, then the average error on each timing measurement is the difference in 

time measurements for adjacent clicks divided by the square root of two.  

 

Absolute localisation accuracy was measured by comparing reconstructed locations 

of the artificial porpoise clicks broadcast during calibration trials with the source 

location.  

 

Further investigations of localisation accuracy were then conducted with simulations, 

using the measured timing accuracies from the field trials as input to the simulation. 

This allowed a comparison of the hydrophone geometry used in these trials with the 

hydrophone geometry now planned for deployments on a tidal turbine later in 2016 

to be made.  

 

5.2. Results 

 

The PAM system proved to be very reliable with data being collected nearly 

continuously when the vessel was present from 6 August until recovery on 25 

August, 2015.  As anticipated, the research vessel occasionally left the mooring and 

disconnected the HiCUP cables, resulting in gaps in data collection.  A total of ~332 

hours (~14.83 days) of acoustic data were collected by the HiCUP units (Table 6). 

Overall, data were successfully recorded for ~79% of the time between the initial 
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connection and final disconnection (~425.5 h available).  In total 13.5 TB of data 

were collected. 

 

Visual observations during the trials included harbour porpoises, bottlenose dolphins, 

grey seals, harbour seals, and Northern gannets (Morus bassanus). 

 

A pod of ~20 bottlenose dolphins was sighted in the upper Sound of Sleat on 19 and 

20 August.  Table 6 shows the total number of passive acoustic encounters for both 

porpoises and dolphins.  There were four instances where porpoise and dolphin 

encounters overlapped.  Figure 9 shows a PAMGuard screenshot of a porpoise 

encounter.  Figure 10 shows a screenshot of dolphin whistle detections.  

 

 
 
Figure 9: Screenshot from PAMGuard showing harbour porpoise click detections on both 
HiCUP clusters. Clicks are coloured by HiCUP cluster: red denotes the cylindrical cluster 
(ch. 0, 1, 2, 3) and cyan denotes the spherical cluster (ch. 4, 5, 6, 7).   A bearing-time display 
(10 minutes shown), waveform display, click spectrum, and Wigner plot of a single porpoise 
click are shown. 
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Figure 10: Screenshot from PAMGuard showing bottlenose dolphin whistle contours (30 s of 
data shown, 0-25 kHz).  The top panel shows one channel (ch. 0) from the cylindrical PAM 
HiCUP cluster, and the bottom panel shows one channel (ch. 4) from the spherical PAM 
HiCUP cluster. 

 
Table 6 
Summary of porpoise and dolphin acoustic encounters. 

 
Marine mammal 
species  
encountered  

# of 
encounters 

Duration of 
encounter (mean, 
min-to-max) 

Total duration of 
encounters 
(hh:mm:ss) 

%  of entire 
recorded time 
containing 
encounters 

Harbour porpoise 64 00:38:37  
(00:00:33 to 04:15:57) 
 

41:11:31 12.4% 

Bottlenose 
dolphin 

22 00:35:14  
(00:00:43 to 02:35:43) 
 

13:30:21 4.1% 

Porpoise and 
dolphin 
 

4 n/a 4:47:10 1.4% 

 

5.2.1. HiCUP Location 

 

The location of the HiCUPs was calculated from time of arrival differences from 

frequency modulated clicks outputted at different known locations around the array. 

Table 7 shows the locations and orientation results and associated errors calculated 

using two different optimisation algorithms (grid search and simplex).  Figure 11 

shows a latitude and longitude plot of the calculated locations and errors for both 

algorithms.  The difference in positions calculated by the two methods for the 

spherical and cylindrical clusters is 3.4 and 1.2 m respectively.  
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Table 7 
Table showing the calculated positions and orientations of the hydrophone clusters along 
with associated errors in each measurements.  Note that the grid search assumed pitch and 
roll was zero.  

 
PAM 

HICUP 

type 

Latitude  Longitude 

 

Depth (m) Heading 

(degrees) 

Pitch 

(degrees) 

Roll 

(degrees) 

Grid Search 

Spherical 57.21730772 ± 
3.72×10-5 
 

-5.660049997 
± 3.83×10-5 

-7.8 ± 0.94 
 

150 ± 3.06 
 

- - 

Cylindrical 57.2168693 ± 
2.37×10-5 

5.660649391 ± 
7.66×10-5 

 

9.9 ± 0.79 
 

320.5 ± 3.7 - - 

Simplex 
 

Spherical 57.2172972 -5.6600553 
 

8.75 150.9 -2.9 0.6 

Cylindrical 57.2168987 
 

-5.6606335 
 

7.83 
 

317.7  
 

 

-2.8 4.4 

 

 
 
Figure 11: The calculated position of the HiCUPs using two different minimisation methods, 
grid search and simplex. 
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5.2.2. Timing Accuracy 

 

Figure 12 shows typical received pulse waveforms from a 120 kHz ‘porpoise’ signal 

generated during a calibration trial.  For comparison, the figure also shows the 

original pulse waveform, time aligned to the start of the received pulse on each 

channel.  Significant and differing signal distortion and multiple echoes of the signal 

following each received pulse are clearly visible on all channels.   

 
Figure 12: Example pulses received on all eight hydrophones (four in each cluster) from a 
pinger calibration trial using porpoise like clicks.  Shown with each received pulse is the 
pulse used to generate the calibration sound aligned to have the same start time as each 
received pulse.  Distortion of the pulses and multiple echoes following each pulse are clearly 
visible. 

 

Alignment problems with the HiCUPs and small uncertainties in the location of the 

drifting sound source, make it difficult to accurately assess timing accuracy based on 

the difference between measured received times at the hydrophones and expected 

received times based on the system geometry.  Timing accuracy was, therefore, 

investigated by comparing the time delays of adjacent clicks during the experiments 
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with an artificial sound source.  With zero timing error, the difference in time delays 

between adjacent clicks should be negligibly small, so any difference is presumably 

caused by errors in the timing measurements.  Timing accuracy and algorithms for 

extracting time of arrival differences are discussed in Appendix A. 

 

 

Measurements of timing accuracy for both hydrophone clusters and different 

correlation methods are shown in Table 8.  It can be seen that for the porpoise 

clicks, there is little difference between waveform and envelope correlation.  In 

comparison, for the long duration VEMCO tag signals, there is a three-fold 

improvement in timing accuracy when envelope edge correlation is used in 

preference to waveform correlation.  

 

It can also be seen that timing accuracy is consistently better on the spherical 

hydrophone cluster than on the cylindrical one.  In addition to differences in the 

hydrophone ceramic, there were two important differences between the two clusters. 

One was the shape of the cowling, where the cylindrical cluster cowling had a flat top 

and the other a domed top.  The other difference was in the spacing between 

hydrophones, which was 30 cm for the cylindrical cluster and 15 cm for the spherical 

cluster.  The wider hydrophone spacing meant that hydrophones were closer to the 

cowling material, so the time delay between the incident signal and any echo from 

the structure was shorter than for the more tightly spaced hydrophones (7.7 cm and 

16.3 cm respectively, giving two way travel times of 102 and 218 μs).  The longer 

spacing between clicks and echoes in the cylindrical cluster would mean they were 

less likely to overlap and distort the waveforms.  It is, therefore, possible that the 

signals on the more widely spaced hydrophones were more distorted by echoes than 

on the closely spaced cluster.  

 

  

Table 8 
Summary of timing errors for porpoise like clicks and VEMCO fish tags using different 
cross correlation methods.  
 

Signal Type 
Waveform Correlation Envelope Correlation Envelope Edge Correlation 

Cylinder Spherical Cylinder Spherical Cylinder Spherical 

Porpoise  6.3 s 5.1s 6.2s 4.7s 
 

  

VEMCO 
tags 

31.1s 25.5s 21.1s 14.6s 11.5s 7.4s 
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5.2.3. Localisation Accuracy 

 

Once the location and orientation of each HiCUP was determined (Section 5.2.1), 

the broadcast porpoise pings were localised in order to determine the absolute 

tracking accuracy of the array.  Detected broadcast pings were passed to the 

PAMGuard Large Aperture Localiser Module (Figure 13).  This module outputs the 

latitude, longitude and depth of each broadcast sound detected on both HiCUPs. 

Localisations were then compared to the true position of the broadcast pinger and 

the error estimated for different ranges.  

 

 
 
Figure 13: The PAMGuard Large Aperture Localiser module used to localise the position of 
simulated sounds and harbour porpoise and dolphin clicks.   
 

5.2.3.1. Localising the Position of Broadcast Pings 

 

Figures 14, 15 and 16 show the position, range and depth of the broadcast pings 

compared with reconstructed positions from data collected on the THC array.  The 

true location of the broadcast pinger was compared to the localisation results and 

resulting errors calculated.  Figures 17, 18 and 19 show range, depth and angular 

errors divided into 25 m range bins.  
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Figure 14: A sample of the latitude and longitude of the broadcast pinger and the localised 
position calculated from acoustic data collected on the HiCUP array.  

 

 
 
Figure 15: The range of the broadcast pinger and localised ranges calculated from the 
acoustic data collected on the HiCUP array.  The localised ranges broadly follow the true 
range of the broadcast pinger. 
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Figure 16: The depth of the broadcast pinger and localised depths calculated from the 
acoustic data collected on the HiCUP array.  
 

 

 
Figure 17: Box plots showing the median error in localised range of the broadcast pinger 
versus the true range of the broadcast pinger.  
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Figure 18: Box pots showing the error in localised depth of the broadcast pinger versus the 
range of the broadcast pinger.  

 
Figure 19: Box plots showing the error in the angle to the broadcast system versus the true 
range of the broadcast system. 

 

The systematic offsets in Figure 14, in which estimated localisations of the sound 

source appear to the south west of the true locations are indicative of an offset (i.e. a 

systematic error) in the location of the HiCUP clusters.  Generally, range error is 

small (3-6 m) out to about 50 m from the array.  Depth error appears to be higher 

and more variable at least several meters at all ranges.  It has not been possible to 

fully ascertain the cause of this, but it is most likely caused by a tilting of the HiCUP 

clusters.   
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5.2.4. Fish Tag Detection Range 

 

In order to assess detection range, two types of fish pinger tags were suspended 

below a slowly moving inflatable in the vicinity of the THCs: a 83 kHz tag (the tag 

that is proposed to fit on seals) and a 69 kHz tag.  The exact times and numbers of 

transmissions of pings is not known, so the numbers of received pings per unit time 

was compared with the amount of time the drifting dingy spent in each range bin. 

Most data were collected with the tags within 100 m of the HiCUPs and few data 

were collected at ranges greater than 200 m.  However, from Figure 20 it can be 

seen that detection rate of both tags is reasonably flat out to 100 m and some 

detection occurs out to at least 250 m.  

 

 
Figure 20: Detection rates for 69 and 83 kHz VEMCO fish tags as a function of transmission 
distance.  

 

It should be remembered that the detection parameters used for this trial were not 

optimised for the VEMCO tag signals, but were generic settings designed to detect 

echolocation clicks over a wide bandwidth.  If the detection parameters were 

optimised for this type of sound, it is likely that much greater detection ranges could 

be achieved although localisation accuracy could be compromised. 

 

5.3. Localisation Error Simulation 

 

Measurements of localisation accuracy (presented in Section 5.2) may 

underestimate the likely localisation accuracy of a system installed on an operational 

turbine for two main reasons.  Firstly, there were problems with the alignment of the 

THCs and this will have contributed to the errors described in Section 5.2.3. 

Secondly, the current plan is now to install three hydrophone clusters on one of the 

turbines installed at the MeyGen site, one cluster on each of the three legs.  The 
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improved alignment that will be achieved by mounting on the turbine structure, 

combined with an increased number of hydrophones in a different geometry should 

improve tracking accuracy.  

 

Localisation accuracy was, therefore, investigated using simulations, both for the 

HiCUP configuration of two THC’s 50 m apart and also for a system consisting of 

three clusters in a triangular configuration with a nominal 10 m spacing.  

 

The hydrophone clusters in the simulation were set at 10 m depth.  The PAMGuard 

sound acquisition module was used to create a series of simulated clicks positioned 

on a 100 x 100 m grid with depths at 0 m, 5 m and 10 m.  Errors in sound speed, 

hydrophone location and click cross correlation were all incorporated into the 

simulation using the values shown in Table 9.  The timing error of 5 μs is taken from 

the timing accuracy measurements presented in Table 8.  A Markov chain Monte 

Carlo (MCMC) based localisation algorithm was then used to localise each simulated 

click in the PAMGuard Large Aperture Localisation Module.  The MCMC algorithm 

creates a dynamic representation of error distributions and hence can predict where 

areas of high and low localisation error might occur around a hydrophone array. 

Surface plots of the errors estimated through simulation are shown in Figure 21. 

Localisation accuracy in line with the two clusters is extremely poor once outside the 

space between the clusters, since movement away from the THCs creates no 

changes in time differences.  Localisation accuracy with two clusters is reasonably 

directly perpendicular to the two clusters, the error in range being: < 3 m; depth < 2 

m and angle < 0.7 degrees at 25 m.  With three clusters, localisation accuracy 

improves, the average error in range being < 3 m; depth < 0.7 m and angle < 0.5 

degrees at 25 m. 

 

Except at close range, there is broad agreement between the measured and 

simulated errors in range and depth for the HiCUP THC configuration (Figure 22). 

Measured angle errors are consistently worse than the simulated errors.  This 

difference is attributed to problems accurately aligning the HiCUP THC clusters 

during the field trials.  The broad scale agreement means that, should alignment 

issues be resolved, either array configuration could provide accurate tracking around 

an operational turbine.  

 

Simulations were also conducted using a slightly higher timing error of 7.5 μs, which 

is the timing error achieved when using the VEMCO tag signals.  It was found that 

the increased timing error made very little difference to localisation accuracy at 

ranges of less than 70 m, indicating that it should also be possible to track tagged 

seals using the PAM system to 1-2 m accuracy in the vicinity of the turbine blades.   
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Table 9 

Error values in the simulation of hydrophone array accuracy. 
 
Error Type  Error value 

Sound Speed Error 10 ms-1 

 
Hydrophone position Error  1 mm 

 
Cluster Position Error 3 cm 

 
Cross correlation error 5 µs 

 

 

Figure 21: Simulated error surface for the HiCUP array and the proposed array to be 
deployed on a tidal turbine.  The errors were calculated using a Markov Chain Monte Carlo 
based localisation algorithm to accurately estimate probability distribution in location.  The 
estimated errors input into the model are shown in Table 9.  

 HiCUP Two HTC Arrangement Proposed three HTC Arrangement 

R
an

ge
 

  

D
ep

th
 

  

 

  

 



 

47 

 

 
Figure 22: Measured and simulated errors for the HiCUP configuration and for a three 
cluster geometry.  For the two cluster HiCUP geometry, errors are shown along a line 
parallel to the two clusters and a line perpendicular to them.  For the three cluster geometry, 
errors for all angles are grouped together.  These are overlaid with measured errors from the 
2015 field trials.  
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5.4. Data Acquisition and Processing Development 

 

To achieve the full functionality required for operation on a tidal turbine, two 

significant software developments have been undertaken.  The first is in support of 

accurate timing (and, therefore, localisation) of fish tag detection, the second is to 

support higher data throughput from a twelve hydrophone PAM system. 

 

5.4.1. Click Timing Measurements 

 

To allow different time of arrival delay (TOAD) measurement algorithms to be used 

with different click types, the PAMGuard software was modified so that the choice of 

TOAD algorithm is selected separately for each category of classified clicks (see 

Appendix A).  For each click type, it is now possible to define: 

 

1. A filter to apply to the waveform data after detection and before TOAD 

measurement, to limit analysis to frequency bands of interest.  

2. Whether to cross correlate the filtered waveform or the waveform envelope.  

3. An option to use only the leading edge of the waveform envelope for cross 

correlation.  

 

As with all PAMGuard development, these additions to the code are freely available 

to all users and developers under the GPL3 open source licence agreement 

(http://www.gnu.org/licenses/gpl-3.0.en.html).  Examples of the configuration dialogs 

are shown in Figure 23. 
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Figure 23: Configuration dialogs for click type specific timing measurement.  

 

5.4.2. Data Acquisition System 

 

During the 2015 field trials, data acquisition used two or three USB connected SAIL 

Daq Cards (St Andrews Instrumentation Ltd., http://www.sa-instrumentation.com/). 

Unfortunately, these are not suitable for deployment in a remote turbine site due to 

the limitations in USB cable lengths.  For remote deployment, a new Data Acquisition 

system has been developed, based around a National Instruments cRio 9067 

chassis equipped with NI 9222 analogue input modules, capable of sampling at 

500kS/s on each channel.  This is a significant development upon earlier work using 

a NI cDaq 9188 chassis which has been deployed on a similar installation.  Since 

purchasing the 9067 chassis a smaller four slot version has become available which 

offers some space savings over the 9067. 

 

The main difference is that the earlier 9188 chassis was a ‘dumb’ device which was 

only functional when being controlled directly by the host PC.  The 9067 has its own 

internal processor which has been programmed to acquire, compress, and buffer 

data prior to transmission to the host computer.  When acquiring high sample rate 

data on many channels, the 9188 based system can drop out due to buffer overflows 

when it fails to transmit data sufficiently quickly to the host PC.  This then requires a 

restart of the system which can take several seconds. Using the 9188 chassis, this 
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was a serious problem when an Ethernet connection to the chassis was shared with 

other devices, but was less of a problem when a dedicated optical fibre was used for 

the NI-9188 to PAM PC connection alone.  One of the advantages of the new system 

is that data compression and increased buffering are on the on-board computer.  

Compression reduces the network bandwidth required by a factor three, and stability 

will also be improved by increased buffering.  Thus, the new system will provide a 

more stable acquisition platform, particularly when sharing an Ethernet with other 

devices.  

 

The NI 9067 development was started in order to provide a fully autonomous data 

acquisition capability for a separate Scottish Government funded project (Macaulay 

et al., 2015).  Like PAMGuard, all developments for the NI chassis are being made 

freely available under open source licence agreements.  

 

In addition to software developments, the development of small circular format 

preamplifier boards have been commissioned, suitable for mounting within a 

pressure housing.  These are required between the hydrophones and the NI chassis 

and have been developed by Etec, Denmark (http://www.etec.dk/).  Design rights 

remain with Etec and units can be purchased on commercial terms for other projects.  

 

The NI 9067 Chassis and Etec preamplifiers are shown in Figure 24.  Tests of this 

chassis and of preamplifiers designed for the “front end”, i.e. mounting close to the 

hydrophone elements within each THC, are on-going to ensure system reliability and 

stability.  

 
 
Figure 24: Photograph of the NI Chassis and Etec preamplifier boards purchased for this 
project.  
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6. Active Sonar System Testing and Development 

 

Previous research into the application of active sonar to complement the PAM and to 

track non-vocal marine mammals (e.g. seals) around tidal turbines (Hastie, 2012), 

showed that high frequency multi-beam sonar can be used to reliably image seals in 

tidal environments and provide a potential means of tracking them around tidal 

turbines.  Although the multi-beam sonar identified in the previous study is potentially 

an extremely useful tool, a number of limitations that would benefit from further work 

were highlighted resulting in a series of development recommendations being made 

(Hastie, 2012).  Specifically, in terms of measuring fine scale behaviour of animals 

around tidal turbines, the multi-beam sonar did not provide data on the depth of the 

targets; the development of a 3D sonar system was identified as potentially being 

highly beneficial for measuring tracks of marine mammals around turbines.  

Furthermore, the automated marine mammal classification system developed in the 

previous study (Hastie, 2012) appeared highly conservative and resulted in a high 

proportion of false positive classifications; it was, therefore, recommended that new 

algorithms be developed and validated to improve the classification and reduce the 

need for post hoc processing.   

 

The primary aims of the active sonar component of this study therefore sought to 

address these development requirements through the following tasks:  

 

1. Develop a technique to track marine mammals in 3D using active sonar and 

test these in a tidally energetic environment; 

2. Reduce uncertainty in the classification of marine mammals in multi-beam 

sonar data through the development of new automated classification 

algorithms. 

 

Furthermore, there were a number of secondary aims that were identified during the 

current project: 

  

3. Test the passive detection capabilities of multi-beam sonars for external 

acoustic signals including harbour porpoise clicks and VEMCO acoustic tags; 

4. Test the imaging effects of different plastics that could potentially be used as 

a cowling for the multi-beam sonars. 

 

6.1. 3D Marine Mammal Tracking using Multi-beam Sonar 

 

To develop a sonar system to measure the 3D movements of non-vocal species 

(e.g. seals) around tidal turbines, a multi-beam sonar system previously identified as 
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having the potential to track seals in tidal environments was selected (Tritech Gemini 

720id, Tritech International Ltd, Aberdeen, UK); this is a 720 kHz forward looking 

multi-beam sonar that is designed for detecting objects in the water column.  It is 

effectively a 2D imaging system that allows detection and localisation of objects in 

the X-Y plane but does not provide information on the depth of the target.  The 

image update rate of the sonar is between 7 and 30 Hz, the angular range resolution 

is 0.5o, and the range resolution is 0.8 cm.  The horizontal and vertical swathe widths 

of the Gemini are 120
o
 and 20

o
 (-3 dB swathe) respectively and up to 4 heads can be 

operated simultaneously by synchronising the sonar pings.   

 

The seal detection and tracking capabilities of the Gemini formed the foundation of a 

3D tracking system.  Specifically, dual sonar units were integrated and mounted in 

different orientations to test the optimum solution for tracking seals in 3D.  Data were 

collected using two Gemini sonars deployed using a custom built sonar mount which 

allowed both the horizontal and vertical orientations of the sonars to be modified in 

the field (Figure 25).  This was deployed from the side of a 7.5 m aluminium vessel 

and data were stored to external HDDs using a laptop PC located in the cabin of the 

vessel.   

 

 
 
Figure 25: Photograph showing the two Gemini multibeam sonars mounted on a boat based 
mounting pole.  Pivots on the pole allowed both the horizontal and vertical angles of each 
sonar to be modified prior to deployment.  

 

Two methods of 3D tracking were trialled; one where the sonar swathes were 

mounted in a perpendicular orientation (Figure 26), and one where they were 

mounted in an offset parallel orientation (Figure 27).  To calibrate both of these 

techniques, an inflatable vessel manoeuvred to a range of between approximately 
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20-40 m from the sonar and a grey seal carcass (1 m in length) was deployed 

underwater from the vessel using a custom built harness and a 50 m rope.  The seal 

carcass had been frozen within hours of death and was defrosted 48 hours prior to 

the field trials.  An OpenTag depth logger (Loggerhead Instruments, Sarasota, FL, 

USA) was attached to the seal to calibrate the depth estimates (pressure sensor in 

the logger had been factory calibrated to provide 0.5 cm depth resolution to 300 m) 

made using the sonars.  In addition, a series of data of live seals diving freely in a 

tidally energetic environment were collected using each method. 

 

6.1.1. Perpendicular Orientation Technique 

 

The first approach was to mount the two sonars in perpendicular planes (i.e. one 

was mounted horizontally and the other vertically) such that there was a region of the 

water column where the sonar swathes overlapped (Figure 26).  This approach was 

calibrated using a grey seal carcass which was raised and lowered through the 

sonar beams to the seabed (40 m).  The seal carcass was easily observed as a 

temporally persistent, highly localised pattern of high intensity pixels in the sonar 

images.  The X-Y locations of the seal carcass were measured manually every 

second on the horizontally mounted sonar using the software SeaTec (Version 

1.18.11.12, Tritech International Ltd, Aberdeen, UK).  The corresponding depth of 

the seal carcass was measured on the vertically mounted sonar by measuring the 

distance between the sea surface or seabed and the seal carcass (Figure 28).  

 

 
 
Figure 26: Schematic of the acoustic swathes (shown by the blue and green polygons) 
when the dual sonars were deployed from the research vessel in a perpendicular orientation. 
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Figure 27: Schematic of the acoustic swathes (shown by the blue and green polygons) 
when the sonars were deployed from the research vessel in a parallel orientation; the sonars 
were offset by an angle of approximately seven degrees. 
 
 

 
 
Figure 28: Example of the data when the sonars were deployed from the research boat in a 
perpendicular orientation.  The figure shows the output from the horizontal sonar on the left 
and the vertical sonar on the right; two seals can be seen as temporally persistent, highly 
localised pattern of high intensity pixels in the sonar images. 
 

The results of the calibration using the perpendicular dual sonars showed that the 

depth of the grey seal carcass could be relatively accurately measured as a distance 

from the sea surface.  At ranges of between 15 and 42 m and for depths of between 

0 and 34 m, the errors ranged from -3.0 to +4.9 m with a mean error of +0.8 m and a 

mean absolute error of 1.6 m (Figure 29). 
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Figure 29: The upper panel shows the measured depths (using an OpenTag depth logger) 
of a grey seal carcass raised and lowered though the swathes of two 720 kHz multibeam 
imaging the sonars plotted against the depths measured on the vertically orientated sonar; 
the diagonal line represents values where y=x.  The lower panel is a histogram of the errors 
in depth estimation using the perpendicular sonars; errors ranged from -3.0 to +4.9 m with a 
mean error of +0.8 m (vertical dashed line) and a mean absolute error of 1.6 m. 
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6.1.2. Parallel Orientation Technique 

 

A second approach to measuring the 3D locations of seals underwater was to mount 

both the sonars in the horizontal plane, but to offset one of them vertically such that 

there was a region of the water column where the sonar swathes overlapped (Figure 

27).   

 

This approach is based on the concept that if a multi-beam sonar is orientated 

horizontally, for a given range, the measured intensity of a seal will be at its 

maximum when it is located at the vertical apex (centre) of the beam; this will 

decrease as the seal moves vertically (up or down) away from the centre until it is no 

longer imaged by the sonar.  Therefore, as a seal dives vertically down through the 

swathe of a multi-beam, the intensity of the seal measured on the sonar increases to 

a maximum as the seal passes the apex before declining as it dives further down 

through the beam.  Given this, if two sonars are orientated horizontally but offset 

vertically, a seal diving down through each of the swathes will show this pattern of 

intensity on each respective sonar.  However, at any particular depth, there will be a 

difference in intensity of the seal measured on each sonar as a result of the vertical 

offset between the sonars; by measuring the ratio of intensities between each of the 

sonars (Sonar 1 intensity/Sonar 2 intensity) it is possible to estimate the depth of the 

diving seal.  A worked example of this is shown in Figure 30 and see Appendix B for 

further details.   
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Figure 30: A worked example of the approach to calculate the depth of a seal using two 
multibeam sonars mounted in a horizontal orientation but offset vertically.  The upper figures 
show the theoretical intensity of a seal measured from sonars located on the seabed and 
orientated at angles of 10 (left) and 27 degrees (right) upwards from the seabed; the vertical 
beam pattern was based on measurements of a seal carcass (Appendix B).  A simulated 
dive of a seal down through each of the beams from the sea surface to the  seabed at a 
range of 25 m from the sonars is shown by the dashed line.  The middle figures illustrate the 
theoretical intensity of the seal measured on each of the sonars during this simulated dive 
(solid line); the dashed lines illustrate an example of the intensity on each sonar (left~0.47, 
right~0.58) when the seal is located 15 m above the seabed.  The lower figure shows the 
ratio of theoretical intensities between each of the sonars (right sonar intensity/left sonar 
intensity) during the seal dive with the example ratio (dashed lines: 1.26) when the seal is 
located 15 m above the seabed.       
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As described in Section 6.1.1, a grey seal carcass with an OpenTag depth logger 

was used to calibrate this method.  The results of this showed that the depth profiles 

of the grey seal carcass could be accurately plotted by measuring the ratio of 

intensities between the sonars and smoothing the resulting predicted depths using a 

cubic spline smoother (see Appendix B for details).  At ranges of between 27 and 40 

m and for depths of between 0 and 20 m, errors ranged from -2.6 to +4.3 m with a 

mean error of +0.7 m and a mean absolute error of 1.5 m (Figure 31).  It is important 

to highlight that some of the error in depth estimation (particularly with this offset 

horizontal technique) will be as a result of vessel movement during data collection, 

and it is anticipated that the errors will be reduced if the sonars are mounted on a 

static platform.    

 

When considering the best 3D tracking approach, it is important to consider, not only 

the magnitude of the errors, but also the pros and cons of the data produced by 

each.  For example, although the perpendicular technique is relatively 

straightforward compared to the horizontal approach, it is likely that the most 

effective location to deploy dual sonars in the perpendicular orientation would be 

upstream or downstream of the turbine.  This has inherent limitations in that 

detectable marine mammal movements will be limited to one side of the turbine 

which will either be upstream or downstream depending on the direction of the tide. 

The opposite side of the turbine will always be masked by the turbine itself.  The 

horizontally mounted sonar system is analytically more complex but offers the 

advantage that it can be located to  the side of the turbine which should allow the 3D 

movements of individual seals to be measured both upstream and downstream of a 

tidal turbine.  It is, therefore, proposed that the offset parallel orientation provides 

better data to track seals around the operating turbine.   

 

To test the capabilities of the offset parallel orientation to track the 3D movements of 

live harbour seals in a tidally energetic location, data were collected between 10 and 

12 June 2015 in a narrow, tidally energetic channel on the west coast of Scotland 

that had previously been shown to have high densities of harbour seals (Kyle Rhea: 

57°14'8.10"N, 5°39'15.25"W).  The channel runs from north to south, is 

approximately 4 km long, and is 450 m wide at its narrowest point.  Water depths 

within the channel are less than 40 m.  Tidal currents within the channel can exceed 

4 m s-1 at peak flow (Wilson et al. 2013) with water moving in a general northerly 

direction during the flood tide and a southerly direction during the ebb.   

 

A total of 56 seals were tracked within Kyle Rhea using the horizontally mounted 

dual sonars.  The vessel manoeuvred around the channel but focused on areas 

previously identified as being of high-use (Hastie et al., in review).  As described 
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above, the seals were easily identified as highly localised patterns of temporally 

persistent, high intensity pixels in the sonar images (Figure 32 and Figure 33); 

however, for the purposes of this analysis, only sonar targets where identification 

was confirmed by a visual observer on the vessel were used.   

 
Figure 31: The upper panel shows the measured depths (using an OpenTag depth logger: 
blue points) of a grey seal carcass raised and lowered though the swathes of two 720 kHz 
multibeam imaging the sonars; the raw predicted depths (using the ratio of intensities 
approach: red points) and modelled depths (black line) with 95% CIs (grey lines) made using 
a cubic spline smoother are also shown.  The lower panel is a histogram of the errors in 
depth estimation using the intensity ratio and cubic spline smoother approach; e rrors ranged 
from -2.6 to +4.3 with a mean error of +0.7 m and a mean absolute error of 1.5 m.  
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Figure 32: Example of a snapshot of sonar data collected within a narrow tidal channel off 
the west coast of Scotland.  Two harbour seals at a range of approximately 30 metres 
(confirmed through visual observations at the surface) can be seen as distinct targets.  In the 
upper sonar, two seals can be seen whilst only one of them can be seen in the lower sonar; 
this suggests that one seal is close to the surface whilst the other is mid-water. 

 

The X-Y locations of seals were measured at one second intervals manually using a 

marker tool in the sonar software.  The depth of the seals was estimated using the 

intensity ratio between each sonar and the method described above.  Each seal 

track was geo-referenced in 3D within the channel using a combination of these X-Y 

locations and dive depth estimates, together with data from a GPS data logger on 

the boat and the angle of orientation of the sonars from an OpenTag fixed to the top 

of the sonar mounting pole (Figure 34). 
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Figure 33: Example of the data over a period of ten seconds when the sonars were deployed from the research boat in an offset parallel 
orientation.  The figure shows the output from the upper sonar at the top and the lower sonar at the bottom at 0 (left), 5 (middle), and 10 (right) 
seconds.  A harbour seal can be seen at a range of approximately 30 m in the upper sonar only at 0 seconds, both sonars at 5 seconds, a nd 
the lower sonar only at 10 seconds.  Further, there was little movement in the X-Y plane over this time indicating that over the 10 second period 
the seal dived vertically from the surface down through the water column. 
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Figure 34: Examples of the 3D movements of harbour seals tracked underwater in a tidally 
energetic channel using the dual sonar system orientated horizontally.  The points represent 
modelled locations at one second intervals, colour coded by depth, and the black lines 
represent the 95% CI’s of the modelled dive depths.  The grey line at the base of the plot 
represents the X-Y track of the seal for illustrative purposes. 
 
  

As described above, it is proposed that the offset parallel orientation is used to track 

seals around the operating turbine.  Given this, several key pieces of information are 

required to convert locations in ‘sonar-space’ to ‘turbine-space’: 

 

1) the relative height of the sonars relative to the turbine nacelle; 

 It is anticipated that this will be obtained via detailed information on the 

seabed depths and accurate micro-siting of the sonar platform during 

deployment; 

2) the rotation of the sonars in the yaw axis; 

 It is anticipated that this will be obtained via accurate micro-siting of the 

sonar platform during deployment and can potentially be confirmed 

from sonar data (imaging the turbine) during installation; 

3) the rotation of the sonars in the pitch and roll axes; 

 It is anticipated that a pan and tilt mechanism with an integrated 3D 

accelerometer/magnetometer will be used to level the sonars in these 

axes. 

 

6.2. Development of Automated Marine Mammal Classifiers 

 

Previous marine mammal work with the Gemini multi-beam sonars aimed at 

developing a sonar system to provide a behavioural monitoring tool for marine 

mammals around marine energy devices (Hastie, 2012).  As part of this, sonar data 
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for a range of marine mammal species were collected to develop efficient 

classification algorithms to reduce data volumes and provide an identification of 

individual targets.  The result of this development program was a user interface for 

the Gemini multi-beam sonars with an optional module (SeaTec) for the automated 

detection and tracking of marine mammals.  This uses information on size, shape 

and movement characteristics to determine valid marine mammal targets.  However, 

subsequent validation work with seals has shown that SeaTec is highly conservative 

in that it is good at detecting seals, but also produces a relatively high number of 

false positives.  This is potentially advantageous from a tidal turbine marine mammal 

monitoring perspective, where encounters are anticipated to be relatively infrequent; 

however, it potentially leads to excessive levels of post hoc manual validation of 

targets.  The aim here was, therefore, to improve the data reduction without 

significantly reducing the probability of detecting marine mammals.  This was carried 

out by refining the marine mammal classifications through a series of analyses of 

SeaTec data outputs.   

 

As described in Section 6.7.1, Gemini multi-beam sonar data were collected from a 

seabed mounted platform (HiCUP) deployed in Kyle Rhea at a depth of 

approximately 15 m on 1 August and retrieved on 5 August 2015.  Seals were 

imaged by the sonar frequently during the data collection periods and confirmed 

through visual observations of seals from the data collection vessel.  The SeaTec 

detection and tracking software was run post hoc to provide a dataset of seal tracks 

for the marine mammal classification analyses.  All of the visually confirmed seals 

were detected and tracked (71 tracks) by the pre-development software.  Relatively 

small scale turbulent hydrographic features were also frequently evident in the sonar 

data at particular states of the tide.  These were temporally persistent in the sonar 

data, often for periods of several tens of seconds.  These were frequently detected 

as potential marine mammals and tracked by the SeaTec software (101 tracks) and 

were included in the dataset for the classification analyses.  

 

Further information related to each target detection was provided using a version of 

the SeaTec customized for this analysis to provide a broad range of parameters 

associated with each detection.  This included range from the sonar, kinematic 

information (e.g. speed and trajectory in the X and Y planes), and detailed 

information on the size and shape of each detection.  The latter was recorded as a 

series of target intensity matrices which were saved as *.txt files; these were numeric 

matrices of the acoustic intensities of the detected target within a defined bounding 

box (Figure 35).   
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A total of 161 targets detected by SeaTec were used for this analysis; 65 of these 

were seals and 96 were non-seal (Figure 35).  Non-seal targets were generally small 

scale turbulent hydrographic features (and items of debris; e.g. seaweed) which 

appeared as temporally persistent features in the sonar data, often for periods of 

several tens of seconds.  

 

 
 
Figure 35: Examples of underwater sonar target images with pixel intensities (blue arrows 
show the velocity of moving targets).  A) sequence of images for one seal over five 
consecutive frames. B) sample images from five different non-seal targets. 

 

A total of 110 candidate features of the targets were extracted to be used in the 

classification algorithm.  This included the temporal persistence of the target, 

summary statistics on the movement of the target (distance travelled, angle of 

movement, proportion of static frames), the shape of the target (length, area, 

perimeter, and their ratios), and pixel intensity of the targets.  Shape features were 

extracted from the intensity matrices using the R package “raster” (Version 2.4-15).  

The mean/median, standard deviation, minimum and maximum was computed for 

each feature.  In addition, spectral properties of all features except persistence were 

derived (spectral density, frequency and amplitude of the first and second peaks).  

The spectral properties describe changes of the features through time and are 

extracted from spectrograms generated by Fourier transforms of the features (Cryer 

and Chan, 2008).  For instance, the shape of a seal may change cyclically as it 

swims; this would appear as one peak frequency in the spectrogram of one or more 

shape feature.  Spectral features were extracted using the R package “stats” 

(Version 3.2.1).  Finally, features with near-zero variance and those that were highly 

correlated to other features (r>0.9) were filtered out using the R package “caret” 

(Version 6.0.64). Eighty-three features remained and were scaled prior to use in the 

analysis. 

A) 

B) 
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A Kernel Support Vector Machine, SVM (Hastie et al., 2009) was fitted to the data to 

classify targets (seal vs non-seal) using the R package “kernlab” (Version 0.9-22). 

SVMs fit boundaries (support vectors) between classes in 2D space (pairs of 

features).  The number of support vectors can be increased by increasing the 

parameter “C” (cost of misclassification), and yield a better fit to the data.  However, 

using too many support vectors can result in over-fitting to the data and loss of 

generality. In order to avoid over-fitting, the parameter “C” was selected by 

minimising cross-validation error.  A 20-fold cross-validation was performed for each 

parameter value: the data were split in 20 sub-samples, after which the algorithm 

was fitted using 19 sub-samples and validated using the remaining one.  This was 

repeated 20 times using each sub-sample in turn for validation.  The cross-validation 

error was thus the mean error rate in the 20 validation sub-samples.  The algorithm 

was fitted with parameter “C” of 10(-1 to 6), and 100 times with each parameter value to 

estimate the uncertainty of the cross-validation error rate.  As there were more non-

seal targets than seal targets, a balanced sample was generated using the sampling 

algorithm “SMOTE” (Chawla et al., 2002).  A new sample was generated using the R 

package “unbalanced” (version 2.0) for each of the 100 iterations. 

 
Table 10 
Fitting the parameter “C” for the kernel Support Vector Machine algorithm.  Values for the 
cross-validation (20-fold) and the number of support vectors are the mean and SD for 100 
iterations.  The selected model is shown in bold. 
 

Parameter “C” 

Cross-validation error Number of support vectors 

Mean (SD) Mean (SD) 

0.1 0.61 (0.016) 260 (0) 

1 0.12 (0.018) 166 (6.4) 

10 0.067 (0.014) 119 (6.0) 

100 0.059 (0.012) 111 (6.9) 

1000 0.057 (0.012) 110 (5.9) 

10000 0.059 (0.012) 110 (6.8) 

100000 0.059 (0.012) 111 (6.4) 

1000000 0.058 (0.012) 112 (6.1) 

 

 

The algorithm with parameter C = 1000 was selected as the best fitting; it yielded a 

mean cross-validation error of just under 6% using 110 support vectors (Table 10). 

The classification accuracy for the entire dataset was 100% for seal targets and 92% 

for non-seal targets (Table 11), with an overall accuracy of 95% (SD=1.6%). 
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Table 11 
Classification of the entire dataset (161 targets) using the fitted kernel Support Vector 

Machine algorithm.  Values in the confusion matrix are mean (SD) frequencies of the 100 

iterations. 

 Classified Seal Classified Non-seal 

Confirmed seals (N=65) 65 (0) 0 (0) 

Non-seal targets (N=96) 7.7 (2.5) 88.3 (2.5) 

 

 

These results show that it is possible to discriminate between seals and non-seals in 

Gemini multi-beam sonar data with a relatively high degree of accuracy.  The 

algorithm used correctly classified all the confirmed seal targets but misclassified a 

small percentage of non-seal targets (~8%) as seals.   

 

If this result holds with future datasets, the analytical approach appears to be an 

effective means of detecting and classifying seals.  However, it is important to 

highlight that the number of non-seal targets is likely to be far greater than the 

number of true seals targets in a tidal turbine monitoring application so that the 8% 

misclassification of non-seal targets could result in a relatively high number of false 

positive detections.  Nevertheless, this approach appears successful in significantly 

reducing the number of false positive seal targets so that Gemini datasets collected 

during tidal turbine monitoring can likely be reduced to manageable volumes. 

 

The importance of individual features in the classifier is challenging to extract 

because kernels are fitted in multi-dimensional space (combinations of features). 

However, to get a sense of which features are important, the performance of 

classifiers were compared and fitted to different groups of features: all, only spectral, 

all except spectral, only pixel intensity, only shape, and only movement (Table 12).  

This comparison shows that the shape and non-spectral movement features result in 

the lowest cross validation error. 
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Table 12 
Performance of kernel Support Vector Machine classifiers fitted with different subsets of 

features (mean and SD of 20-fold cross-validation error over 100 iterations).  N is the 

number of features included in each classifier after excluding near -zero variance and highly 

correlated features.  The mean (SD) number of support vectors is also shown to indicate the 

complexity of the classifier. 

Features 

 Cross-validation error Number of support vectors 

N Mean (SD) Mean (SD) 

All 83 0.057 (0.012) 110 (5.9) 

Non-spectral 26 0.073 (0.014) 101 (5.5) 

Spectral only 57 0.180 (0.013) 129 (7.3) 

Pixel intensity 23 0.179 (0.030) 158 (7.9) 

Shape 36 0.091 (0.017) 100 (5.8) 

Movement 23 0.072 (0.015) 93 (5.0) 

    - spectral 13 0.242 (0.016) 139 (4.4) 

    - non-spectral 15 0.086 (0.015) 104 (4.8) 

 

 

Further development of the classifier (with more validated targets) could potentially 

increase the accuracy and further reduce the number of false positive detections. 

While the kernel SVM algorithm yielded a high accuracy in predictions, it uses 

kernels in multidimensional space, making the results difficult to interpret. A different 

type of analysis might be more appropriate to narrow down which features are 

important.  Comparison of the classifiers using different subsets of features suggests 

that simple summary statistics about the movement of targets may be sufficient to 

classify seals.  The next step is to integrate this analytical approach into the SeaTec 

software such that classification can be run in real time.  

 

6.3. Porpoise Click Detection with the Active Sonar 

 

Additional target classification information is potentially available through passive 

acoustic information received by the Gemini sonars.  Specifically, high frequency 

external sounds (e.g. echo-sounders) are often detected on the Gemini sonars as 

‘crosstalk’ (seen as regular flashes of intensity in the data).  Therefore the high 

frequency clicks of harbour porpoises were tested to investigate whether they could 

also be detected on the sonars as a potential additional means of validating sonar 

targets.  A high frequency playback system (described in Section 5.2.3) was used to 

play the echolocation signals of harbour porpoises in the vicinity of the Gemini 
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sonars.  However, results showed that, even within a few metres, the porpoise clicks 

were not observable in the sonar data.    

 

6.4. VEMCO Acoustic Tag Detection with Active Sonar 

 

As above, the acoustic signals produced by VEMCO acoustic tags (Section 5.1.2) 

had the potential to be detected by the Gemini sonars as ‘crosstalk’.  Therefore, a 

VEMCO acoustic tag was deployed in the vicinity of the Gemini sonars to test 

whether they could be detected by the sonar.  However, results showed that, even 

within a few metres, the acoustic output of the tag was not observable in the sonar 

data. 

 

6.5. Cowling Tests with Active Sonar 

 

Given the hydro-dynamically aggressive nature of tidal environments, it was deemed 

prudent to consider providing as much protection to the sonar housing as possible 

without compromising imaging ability.  Therefore, the effects of the addition of an 

acoustically transparent polyethylene cowling (the same as that proposed for the 

PAM hydrophones) over the Gemini sonars was tested to see if there were any 

effects on the imaging capabilities of the sonar.  A series of detection tests were 

carried out using a target (air filled bottle) deployed two metres below the inflatable 

boat at a range of approximately 30 m from the sonar.  The polyethylene cowling 

was then placed over the sonar and the images of the target compared.  Results 

showed that in each case, there was an appreciable decrease in the target 

intensities with the addition of the cowling (Figure 36).  This suggests that imaging 

marine mammals is likely to be affected by the addition of a cowling using this 

material.  Given these results and through further discussions with sonar engineers it 

is suggested that any additional protection provided to the Gemini sonar units (in the 

form of a cowling or frame) should not cover the transmit or receiver transducers.   
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Figure 36: The effects of a polyethylene cowling on the imaging capabilities of the Gemini 
sonar.  The figure show the magnified images of a target deployed approximately 30 metres 
from the sonar without (left panels) and with (right panels) the cowling placed over the sonar.  
 

 

6.6. Imaging Capabilities of Other Species with Active Sonar 

 

In addition to the data collection of seals described above, data for a range of other 

species were collected opportunistically during the study.  This included 1) harbour 

porpoises; 2) bottlenose dolphins; 3) razorbills (Alca torda), which are relatively small 

(≈0.25m in length), highly mobile targets, that had distinctive trails of turbulence or 

bubbles streaming behind them; 4) Northern gannets characterised by a distinctive 

area of turbulence or bubbles (where the bird entered the water) and a trail of 

turbulence or bubbles leading away from it, and 5) a number of unidentified fish 

species.  These were each confirmed through a combination of visual observations 

(species 2, 3, 4 and 5) and passive acoustic monitoring (species 1 and 2).  Active 

sonar images for these other species, except the unidentified fish, are shown in 

Figure 37. 
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Figure 37: Images of other species detected using the Gemini 720id multi-beam sonar.  The 
species are razorbills (upper left and upper right), a diving Northern gannet (mid left), 
harbour porpoises (mid right), and bottlenose dolphins (lower left and lower right).  Each 
sonar swathe extends to a distance of 60 m. 

 

6.7. Integrating Tracking Sensors on Seabed Mounted Platforms 

 

6.7.1. Sonar HiCUP Deployment A – Imaging Marine Mammals in a Tidal Channel 

 

A single HiCUP with dual Gemini 720 kHz multi-beam sonars mounted in a parallel 

horizontal offset orientation (as described in Section 6.1.2) on a custom built manual 

pan and tilt mechanism (to control the pitch and roll axes), was deployed in Kyle 

Rhea in August 2015 (Figure 38).  The primary aims of this deployment were to: 
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1. Investigate the imaging capabilities of the sonars from a seabed mounted 

perspective (investigate the effects of tidally induced turbulence on the sonar 

data);  

2. Collect data to develop and validate the marine mammal algorithms (sonar 

data in combination with visual observations of marine mammals); 

3. Collect data to validate 3D marine mammal tracking from a seabed mounted 

perspective. 

 

The Sonar HiCUP was attached to a small surface marker buoy so that its location 

could be determined during data collection purposes.  A secondary one ton anchor 

which was located approximately 30 m inshore from the HiCUP, was connected via a 

poly-steel rope riser to a mooring buoy at the surface (Figure 39) where a 7.5 m 

aluminium vessel could be moored to collect data.  The sonars were connected to a 

150 m extension cable with wet-mate terminations at each end and loosely attached 

to the secondary anchor and riser; these could be connected to the topside 

electronics of the sonar (Gemini 72V VDSL Adapter) on the vessel for data 

collection.  The Sonar HiCUP was deployed from 1 to 5 August, 2015, on the seabed 

(rocky with small boulders) towards the western shore of Kyle Rhea at a depth of 

approximately 15 m (above Admiralty chart datum) using the survey vessel MV 

Toohey.  A diver manually adjusted the pan and tilt immediately after deployment to 

ensure the sonars were level (Figure 40). For deployment at the tidal turbine site, it is 

anticipated that a pan and tilt mechanism will be remotely controlled rather than 

requiring a diver or ROV to manually adjust.  

 

The data collection vessel was moored on the buoy and data were collected during 

daylight flood tides over this period (seals are most active on the flood tide in this 

area).  Visual observations of seals (and other species) at the surface were also 

made from the vessel to provide a validation of sonar targets.  Throughout these 

periods, the sonar system proved to be highly reliable and data were collected 

continuously throughout the monitoring periods.  However, as a result of water 

ingress into one of the subsea connectors, only one of the two sonars was 

operational during this deployment and unfortunately this precluded the validation of 

the 3D marine mammal tracking techniques from a seabed mounted perspective. 

The leak was rectified for the subsequent Sound of Sleat deployment. 

Data were collected over most of the flood tide period; however, at peak flow  

(>3 ms-1) difficulties associated with maintaining the vessel on the mooring in the high 

current meant that there were short breaks (around 90 minutes) in monitoring over 

these periods.  A total of 76 GB of sonar data were collected during these periods. 
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Figure 38: Hi Current Underwater Platform (HiCUP) with dual sonar configuration in Kyle 
Rhea.  The left panel shows the location of the HiCUP in the channel and the right panel 
shows it being deployed from the survey vessel. 

 

 
Figure 39: Schematic of the sonar HiCUP mooring deployed in Kyle Rhea showing seabed 
mounted HiCUP, the secondary anchor, the small HiCUP locating surface buoy, and the 
data collection vessel. 



 

73 

 

 
 
Figure 40: Image from the diver helmet mounted camera showing the dual sonars deployed 
on the HiCUP during installation in Kyle Rhea (main) and the diver adjusting the manual pan 
and tilt mechanism (inset) to level the system.   

 

Seals were sighted frequently during the data collection periods in Kyle Rhea and 

these were also imaged by the sonar.  The pre-algorithm development detection and 

tracking software (SeaTec) was run post hoc to provide a dataset of seals for the 

marine mammal classification analyses.  All of the visually confirmed seals were 

detected and tracked (71 tracks) by the pre-development software.  

 

Relatively small scale turbulent hydrographic features were also frequently evident in 

the sonar data at particular states of the tide (Figure 41).  These were temporally 

persistent in the sonar data, often for periods of several tens of seconds.  Although 

these did not appear to markedly influence probability of imaging seals, they (and 

other small items of debris; e.g. seaweed) were frequently detected and tracked by 

the SeaTec software (101 tracks).  These were included in the dataset for the 

classification analyses.  

 

Mean distance of confirmed seals from the sonar HiCUP ranged from 15.3 to 59.8 m 

and peaked between 40 and 45 m (Figure 42).  The mean distance of other targets 

ranged from 16.1 to 58.5 m and peaked between 15 and 20 m.  The mean velocity of 

confirmed seals ranged from 0.6 to 4.7 ms -1 and peaked between 2 and 2.5 ms -1. 

The mean velocity of other targets ranged from 0.3 to 11.3 ms -1 and peaked between 

1 and 1.5 ms-1. 
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Figure 41: The X-Y tracks of a series of targets detected during the deployment of the multi-
beam sonar on the HiCUP in Kyle Rhea.  Each panel shows the X-Y locations of targets that 
were automatically detected and tracked using the SeaTec detection software.  The upper 
panel shows the tracks of targets that were confirmed as seals (blue points) and harbour 
porpoises (yellow points) through visual observations of animals made from the boat, and 
the lower panel shows other targets that were likely to be turbulence or items of debris (grey 
points). 
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Figure 42: Distributions of the mean distances of confirmed seals and unidentified targets 
from the sonar HiCUP (upper) and the mean velocities (lower) of confirmed seals and other 
targets.  
 
 

To determine whether the tracks of seals produced by the detection and tracking 

software are at sufficient temporal and spatial granularity to measure the ‘fine scale’ 

movement behaviour of seals in close proximity to tidal turbines, the time (seconds) 

and distance (metres) between consecutive detections of seals in the X-Y plane was 

determined.  Results showed that the majority (99.9%) of consecutive detections of 

seals within a track were less than or equal to one second apart and all were less 

than two seconds apart.  The distance between consecutive detections of seals 

within a track was generally low; the majority (81%) of consecutive detections were 

less than 0.5 metres apart and 95% of all consecutive detections were less than 0.9 

metres apart (Figure 43).  Furthermore, this spatial resolution appeared to be 

relatively consistent, independent of the distance of the tracked seals from the sonar 

(Figure 44).  This suggests that using the automated detection software to track 
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seals in tidal currents up to approximately 3 ms-1 allows their movement behaviour in 

the X-Y plane to be measured with sub-metre spatial resolution.   

 

 
Figure 43: Distribution of the distances (metres) between consecutive sonar detections of 
seals.  The majority (81%) of consecutive detections were less than 0.5 m apart and 95% of 
all consecutive detections were less than 0.9 m apart.  
 

Perhaps most importantly, this resolution should be considered within the context of 

detecting collisions using active sonar.  This requires information on the 3D location 

of the seal with sufficient accuracy to confirm that the rotor and seal was in same 

place at the same time.  Although the results in the X-Y plane suggest this would be 

possible, the errors associated with locating the seal in the vertical plane (mean 

absolute error = 1.5 m) suggest that although the sonar system should be capable of 

tracking seals in 3D around the turbine, it will be unlikely to reliably confirm collisions 

with rotors.  However, the combination of the dual sonars with additional sensor 

technology (video / rotor movement data) is likely to assist in the detection of 

collisions. 
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Figure 44: The distances (m) between consecutive sonar detections of seals plotted as a 
function of distance of the seal from the sonar (m).  The majority of consecutive detections 
were less than 1 m apart independent of range from the sonar. 

 

6.7.2. Sonar HiCUP deployment B – long term functionality 

 

A second deployment of the HiCUP with dual Gemini sonars was made in the Sound 

of Sleat, together with the two PAM HiCUPs (see deployment description in Section 

5.1.3).  From a sonar development perspective, the primary aims of this deployment 

were to: 

 

1. Evaluate the operation of the dual Gemini sonars on a fixed seabed mounted 

platform for a period of weeks; 

2. Investigate the imaging capabilities of the dual configuration of sonars from a 

seabed mounted perspective (evaluate effects of surface turbulence/wave 

action on the sonar data);  

3. Collect additional data to validate the marine mammal algorithms (sonar data 

in combination with visual observations of marine mammals); 

4. Collect data to validate 3D marine mammal tracking. 
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Figure 45: Schematic of the sonar HiCUP mooring deployed in the Sound of Sleat showing 
seabed mounted sonar and PAM HiCUP, the two secondary anchors, and the research 
yacht. 
 

Sonar cables were moored along the seabed from the sonar HiCUP to a moored 

research vessel where the sonar data were monitored in real time and saved for post 

hoc analyses (Figure 45).  The Tritech software SeaTec was used to monitor the 

sonar data from each of the Gemini sonars.  Furthermore, the software PAMGuard 

(www.PAMGuard.org) was run to ensure that the internal clock on the laptop was 

synchronised with GPS time. This was required in order to match any tracks of 

marine mammals recorded using the sonar with those constructed using the PAM 

system. 

 

The Gemini sonars operated efficiently throughout the longer term deployment in the 

Sound of Sleat.  The sonars were deployed for a period of 20 days between 5 and 

25 August 2015, during which time data were collected on a total of 17 days.  The 

sonar systems proved very reliable with 13.5 TB of sonar data being collected near-

continuously over the periods when the research vessel was present.  Poor weather 

intermittently required the research vessel to leave the mooring and disconnect the 

sonar HiCUP cables, resulting in occasional gaps in data collection.  Over this 

period, no observable biological growth was present on the sonar transducers or 

housings, although, it should be highlighted that growth at other times of the year 

may by significantly greater. 

 

Due to the error in deployment location, the sonar HiCUP was deployed in a 

shallower location (~8 m) than anticipated.  It was, therefore, not possible to 

effectively evaluate the effects of surface turbulence/wave action on the sonar data 

at the water depths anticipated for deployment around tidal turbines.  Furthermore, 
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the shallow depth precluded meaningful validation of the 3D marine mammal 

tracking using a seal carcass.  Nevertheless, the broad principle that provides the 

basis for 3D tracking was evident in the data with many targets having differential 

peak intensities associated with them on each sonar.  This, together with the results 

of the vessel based calibrations, suggests that the 3D tracking techniques tested in 

Section 6.1 should be readily applicable from sonar data collected on a seabed 

mounted platform around a tidal turbine.  

 

 
 
Figure 46: Screenshot of the data from each of the Gemini sonars; the lower right sonar 
swathe is from sonar that was orientated to be parallel with the seabed and the upper left 
swathe is from the sonar that was offset vertically upwards by eight degrees.   
 

Observations of marine animals, including marine mammals and seabirds, sighted 

near the sonar HiCUP clusters were recorded throughout the deployment (Figure 

46).  Visual observations included harbour porpoises, bottlenose dolphins, grey and 

harbour seals, and Northern gannets, although, numbers of sightings were generally 

low and precluded a meaningful validation of the developed marine mammal 

classification analysis. 

 

Although this deployment period was clearly far shorter than would be envisaged for 

monitoring around a working tidal turbine, it does highlight that multi-beam sonar can 

be collected from a seabed mounted platform and monitored in real time via cabling 

to a remote monitoring station for extended periods.   
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7. Video system  

 

Section 3.3 presents two solutions for video surveillance: nacelle or foundation 

mounted video camera.  The foundation-mounted video is the preferred option since 

the nacelle-mounted camera will not have sufficient field of view to cover the entire 

arc of the blades.  Delays in obtaining specific details of the nacelle configuration 

meant that detailed consideration of alternative video configurations was delayed. 

The current position is that an underwater video consultant has been asked to 

design a video system that conforms to the following, initial, specification: 

 

 Operating depth 40 m 

 Field of view  190 degrees 

 Frame rate Min 5fps 

 Sensor Low light, 5  Megapixel 

 Anti-fouling Intermittent UV LED illumination of optical port. Longevity > one 

year 

 Data IP addressable – likely bandwidth requirement <=  16 mbps per 

camera 

 Electrical 24 V, 500 mA  (1 A intermittent for LEDs) 

 

This large 190° ‘fish-eye’ field of view will permit the detections of targets in the 

general vicinity of the blades.  The solid-state ultraviolet LED anti-fouling system on 

the optical port should be more reliable than a mechanical scrubber. 
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8. Discussion 

 

The work described in this report demonstrates how a combination of Active Sonar, 

Passive Sonar and Video can be configured to provide data to identify and localise 

marine mammals in the vicinity of a tidal turbine.  All three sensor systems provide 

high bandwidth data, and while it would in principle be possible to create a stand-

alone system (similar to FLOWBEC) to collect these data, such a system would have 

a limited lifetime and could not provide data over the temporal scales required to 

study interactions between marine life and a turbine over a period of many months. 

The systems described here are therefore cabled systems, reliant on integration into 

the turbine infrastructure in order to receive power and to transmit data to shore.  

 

8.1. Passive Acoustic Monitoring (PAM)  

 

The PAM system proposed is a multiple array of tetrahedral hydrophone clusters 

(THCs) capable of three dimensional tracking of harbour porpoises and acoustic 

tags.  Each THC consists of a light frame holding the four hydrophones, mounted 

within a physically strong but acoustically transparent cowling made of high density 

polyethylene.  Field trials demonstrated that the THCs were reliable and capable of 

detecting harbour porpoise and bottlenose dolphin clicks.  Location accuracy was 

investigated using trials with an artificial porpoise sound and using simulations.  

Trials also demonstrated that the spherical cluster design had better timing accuracy 

than the cylindrical design, which is likely to be a result of a combination of the 

different shape of the cowling as well as in the spacing of the hydrophones – the 

domed-spherical cluster had a narrower hydrophone spacing meaning that the 

signals were less distorted by echoes than the more widely spaced hydrophones in 

the cylindrical cluster.  

 

The range error in acoustic localisations was generally small (<5 m) out to about 50 

m, however, depth error appears to be larger and at least several meters at all 

ranges.  However, due to the issues encountered with the HiCUP placement and the 

fact that the proposal is to use three, rather than two clusters, the results will 

underestimate localisation accuracy of a system installed on an operational turbine. 

The simulations for a system consisting of three clusters around a turbine structure 

indicate that localisation accuracy improves in all dimensions, the error in range 

being < 3 m; depth < 0.7 m and angle < 0.5 degrees at 25 m from the turbine.  

 

While timing accuracy of the VEMCO tag pulses is not as good as it is for porpoise 

clicks (+/- 7.5 μs as opposed to +/-5 μs), this has little impact on localisation 

accuracy at short ranges, and similar levels of accuracy are anticipated as for 
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porpoises close to the turbine blades.  Despite the potential for acoustic tags to 

provide information from a number of tagged seals in the vicinity of the turbine, 

consideration must be given to the potential for animals to hear the tags.  For 

example, Stansbury et al., (2015), demonstrated that seals could use signals from 69 

kHz acoustic tags to locate fish.  The frequency of the tags tested here is 83 kHz 

and, whilst it is at the upper end of the hearing range for seals, it could still be 

audible and could potentially affect the seals behaviour.  

 

A number of other hardware and software developments have been made.  The 

PAMGuard software has been modified to allow detection of VEMCO acoustic tags. 

Work has also gone into developing a data acquisition system capable of processing 

multiple channels of hydrophone data at a high sample rate.  This system is currently 

capable of processing eight channels of data and further work is required to get it to 

12 channels (see Section 8.4.1).  

 

8.2. Active Acoustic Monitoring (AAM) 

 

Significant progress has been made in relation to the development of active sonar as 

a technique for detecting and tracking marine mammals around tidal turbines. 

Previous deployments with a single multi-beam sonar only allowed the x, y positions 

of targets to be determined.  This project has developed and tested a technique to 

track marine mammals in 3D in a tidally energetic environment.  Two different sonar 

configurations were tested for this and it was concluded that an overlapping parallel 

horizontal orientation provided the best results.  By measuring ratio of the sonar 

intensity of a target imaged simultaneously on two sonars arranged in this way, the 

depth of the animal can be calculated.  The error in depth estimated in this way is 

approximately 1.5 m (although this error may be less when the sonars are mounted 

on a static platform). 

 

An efficient algorithm for the classification of marine mammals in multi-beam sonar 

data has been developed which is capable of reducing the high false positive rate 

reported in previous studies (Hastie, 2012).  Cross-validation of the resulting 

algorithm estimated a cross validation error of 6%.  All confirmed seals were 

correctly classified using the algorithm, while only 8% of non-seal targets were 

classified as seals.  Given the 8% rate of false positives and the number of likely non 

seal targets in any dataset collected in a tidal environment, relative to the number of 

real seal targets this still may represent a reasonable number of false positive 

detections.  If this result holds with future datasets, the analytical approach 

developed will be an effective means of detecting and classifying seals. 
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The bottom mounted configuration likely to be used in the turbine site deployment 

has also been successfully tested in a tidally energetic environment and it has been 

demonstrated that tracking and detection algorithms can still detect marine mammals 

against a backdrop of additional background noise and surface clutter.  

 

8.3. Video Surveillance 

 

It is expected that video surveillance will provide, during periods of daylight and good 

visibility, fine scale details of encounters detected by the PAM and AAM systems.  

However, the uncertainty surrounding the video systems employed by the developer 

have delayed testing of any video systems in the field.  In January 2016 it became 

evident from the developer that only a foundation mounted system would be feasible.  

Commissioning of a suitable camera, housing and anti-biofouling system are 

currently on-going. 

 

8.4. Proposed tidal turbine site deployment – MeyGen  

 

At an early stage in this project, it became apparent that MeyGen’s Inner Sound tidal 

array would be the first commercial array deployment in Scottish waters, therefore, a 

decision was made to work towards the deployment of the equipment developed as 

part of this project at that site.  The timing of the deployment of turbines at the site is 

beyond the timeline for the current project so phase two of the SGDS project will 

cover the actual deployment and commissioning of equipment and the collection and 

analysis of data.  

 

A number of developments are required to enable progression to this second phase. 

This section of the report summarises the progress to date towards this objective 

and outlines the remaining tasks.  Consideration is given to hardware and software 

developments required as well as to processes for data collection, processing and 

storage. 

 

MeyGen have agreed to provide a cable (power and data) interface to allow 

connection of an SGDS developed ‘instrumentation platform’ to one turbine, and 

discussions are on-going to integrate into a monitoring system that includes other 

sensors and clarify the alignment of the SGDS objectives (current phase and next 

phase of SGDS project) with MeyGen consent conditions in terms of data ownership, 

processed outputs (deliverables to enable consent), contingency in case of 

monitoring equipment failures, operating durations and equipment ownership. 
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Phase 1a of the MeyGen Inner Sound deployment consists of three Andritz 

Hammerfest turbines and a single Atlantis AR1500 turbine.  The Atlantis turbine will 

be instrumented as part of this project, as it was the only turbine with the power and 

data bandwidth capability for the preferred monitoring equipment. . 

 

8.4.1. PAM 

 

Trials and simulations have shown that the deployment of three THCs will provide 

accurate tracking around the turbine site.  Detection range will ultimately depend on 

background noise levels in the vicinity of the turbines and the level of any electrical 

noise from the turbine.  

 

In order to test the performance of the cowlings in a high flow environment, the 

domed hydrophone cluster was deployed on the FLOWBEC frame for a period of 

two weeks in October 2015.  Data were collected using two SoundTrap recorders, 

sampling at 576 kHz, one mounted inside the cowling and one outside.  Noise was 

dominated by the EK60 sonar as can clearly be seen in Figure 47.  Multiple arrivals 

of each EK60 ping are visible, separated by 50 ms, which is consistent with multiple 

surface/bottom echoes in a water depth of around 36 m.  At low frequency, during 

tidal flow, “thumping / flapping” noises could be heard, probably made by loose 

material on the FLOWBEC frame vibrating in the flow and hitting part of the frame. 

Examining very short sections of data between EK60 pings indicates spectrum level 

noise levels within and outside the cowling were broadly similar at different 

frequencies (Table 13).  At the high frequencies of interest, noise increased from 30 

to 57 dB re 1 μPa/√Hz at times of high flow.  It is not possible to tell if the elevated 

noise is from flow over the FLOWBEC frame or over the cowling.  The fact that noise 

levels were very similar for the internal and the external SoundTraps perhaps 

indicates that the dominant source of noise is independent of those parts of the 

structure.  The consequences of the higher noise level for monitoring would not in 

themselves be too severe.  For a 57 dB re 1 μPa/√Hz noise level over the entire 70-

150 kHz detection band, the broad band noise level would be around 107 dB re 1 

μPa.  This would be expected to give a detection range of harbour porpoises in 

excess of 200 m.  
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Table 13 

Spectrum level noise levels measured between EK60 pulses at low and high flow for a 

cowling installed on the FLOWBEC platform in October 2015. Units are dB re 1μPa/√Hz. 

 Low Flow 

(2015-10-10 04:10 UTC) 

High Flow 

(2015-10-10 07:10 UTC) 

 10 kHz 130 kHz 10 kHz 130 kHz 

Inside Cowling 42 30 72 57 

Outside Cowling 38 30 70 57 

 

 

 
 
Figure 47: Spectrogram of five seconds of data collected using a SoundTrap recorder 
mounted on the FLOWBEC frame.  Y axis scale in in kHz. 
 

It is also expected that in most circumstances VEMCO tags will be detected out to 

100 to 200 m range.  Detection ranges of dolphin clicks should be several times 

greater.  

 

There is currently one domed THC, with a requirement for another two to be built. 

Although the components are available for the clusters themselves, similar dome 

shaped polyethylene cowlings will need to be sourced or made as these are not 

mass produced.  These THC units have not been tested in areas of particularly high 

flow (Sound of Sleat deployment was restricted to relatively low currents). However, 

the present design, with a small amount of modification, should be robust enough to 

withstand currents at the MeyGen site in the Pentland Firth.  
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8.4.1.1. Installation 

A number of actions are required prior to installing the PAM system on a turbine. 

Firstly, the design and manufacturing of the protective cowlings around the 

hydrophone clusters needs to be finalised in order to provide a cost effective, but 

robust solution, which can be delivered over a relatively short time frame.  

 

Discussions with MeyGen engineers are taking place to finalise mounting of the PAM 

system on the turbine and housing of the PAM acquisition system in a suitable dry 

space.  

 

MeyGen engineers are also considering the type of cabling and connectors to be 

used between the individual clusters and the central junction box.  This may depend 

on the logistics of installing and mounting the equipment and should wherever 

possible follow the same standards being used for other turbine cabling.  It has been 

agreed that it will not be possible to access the clusters after deployment for any 

maintenance or replacement, therefore, it is likely that the cables will be hard wired 

into the THCs with the cables routed in protective conduits between each THC and 

the central junction box.  

 

8.4.1.2 Shore Side Processing 

 

As it has been established that the same detectors can be used for both cetacean 

sounds and the VEMCO tags, shore side processing of the PAM data can take place 

on a single high specification desktop PC.  Data rate from the turbine will be high, so 

a minimum of a 100Mbps Network connection will be required.  

 

The PAM PC will run the PAMGuard software configured to detect both cetacean 

clicks and whistles and the VEMCO tags.  Clicks will be automatically classified as 

porpoise, dolphin, VEMCO or noise based on frequency content and duration.  The 

system will also measure ambient noise levels and a separate watchdog program 

will be used to ensure long term system reliability.  The system will have the 

capability of recording raw audio data, but it should be noted that raw data volumes 

are extremely high at around a TB per day.  Standard practice will, therefore, be to 

only record short clips of sound around detections, with the possibility of making 

longer recordings, particularly for diagnosing system performance during 

commissioning stages.  These data will be stored in binary data files which are 

generally small enough to be transferred between sites via the Internet.  These data 

can be easily summarised on a regular basis in terms of numbers, dates and times 

of detections for reporting to the regulator or for further analysis. Tracking data will 

need further post hoc analysis to describe and interpret behaviour (see Section 8.6). 
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It will be possible to configure a live audio stream from up to two of the 12 

hydrophones.  It will also be possible to configure an audible alarm in the event of 

detection of different click types. 

 

Video (probably at a rate of five fps) will also be live streamed to shore side for 

storage and subsequent inspection when PAM or AAM detect a potential encounter. 

 

8.4.1.3. Data Volume and Management Strategy 

 

Raw data from all 12 hydrophones sampling at 500kS/s will have a total volume of a 

TB per day.  Generally, except during commissioning stages of the monitoring 

program, storing all of the raw data will not be considered.  Binary data files from the 

detectors and noise monitors may amount to approximately 400 MBs per day (a 

reduction of 2500:1 compared with the raw data), although this is heavily dependent 

on how detectors are configured and noise conditions around the turbine.  In 

addition, at least some diagnostic recording will be required, although how much can 

only be determined in the light of how noisy (i.e. how difficult to interpret) data from 

the detectors are.  Following the initial commissioning period, the system may be set 

to record raw audio data when animals have been automatically detected. The 

PAMGuard software also writes operational log files (including any error 

messages/crash reports) to log files on the system hard drive.  Binary data will 

initially be written to an internal hard drive and backed up daily onto external storage. 

Assuming sufficient network bandwidth is available, binary and PAMGuard log files 

data will be uploaded to SMRU on a weekly basis.  Larger volumes of data (i.e. 

recordings) will need to be recovered on hard drives as required.  For quality control 

and preliminary data checking, binary files and system log files will be checked on a 

weekly basis.  More detailed detection confirmation and track analysis will take place 

on a monthly basis. The proposed data management schedule for PAM data is 

summarized in Table 14. 

 



 

88 

 

Table 14 

Proposed data management scheduling for PAM data.  

 
Activity Data Volume Location Timing 

Real time detection results 
saved to hard drive 

Approx. 400 MB  / day Internal hard drive Real Time 

PAMGuard system log files MB’s / day Internal hard drive Real Time 

Backup of detection results 
and log files 

Approx. 400 MB / day Local external USB 
drives 

Daily 

Continuous Recording 1 TB / day External 4 TB USB 
hard drives 

Real Time 
(Commissioning 
only) 

Detection triggered 
recordings 

To be determined External 4 TB USB 
hard drives 

To be determined 

Upload of detection and log 
files via remote access 

Approx. 400 MB / day Remote data recovery 
to disk drives at 
SMRU 

Weekly 

Recovery of recordings Many TBs Recovery of hard 
drives 

As required. 

Data quality control  SMRU Weekly 

Detection confirmation and 
tracking 

 SMRU Monthly 

 

8.4.1.4 Alarms and SCADA Interface 

 

Various alarms can be configured within the PAMGuard software which can show 

both visual and audible alarms on the PAM PC and also send RS232 NMEA like 

information sentences to a remote computer.  For example, these could be sent to 

the central control system and integrated into other system data streams in order to 

alert the system operator at times when a dedicated PAM operator is not present. 

How these are configured will require discussion with other engineers developing the 

controls systems for the turbine and dependent on the monitoring strategy required 

by MeyGen during operation.  

 

8.4.2. Acoustic Tags 

 

On the basis of pinger tests it is suggested that the deployment of the 83 kHz 

VEMCO tags in combination with GPS UHF tags, would enable tagged harbour 

seals to be identified and tracked in the vicinity of the turbine.  This would enable 

tracking to an accuracy of 1-2 m around the turbine blades which would provide a 

relatively good spatial resolution in three 3D which would be sufficient to measure 

any avoidance reactions at the scale of metres around the turbine.  However, it is 

unlikely that this would be sufficient to determine whether or not animals actually 
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collide with turbine blades.  This information could be obtained during daylight and 

good visibility from the video surveillance.  An analysis of the required sample size 

needs to be carried out to inform the tagging study design; it will be important to use 

an estimate of how often a tagged animal is likely to come within detection range of 

the system based on prior knowledge of seal movements in the area. 

 

8.4.3. AAM 

 

The results of the series of tests carried out in this project using the multi-beam 

sonars were highly encouraging with respect to designing a sensor system to track 

marine mammals around tidal turbines.  Specifically, the results of the detection and 

tracking tests of seals within a tidally energetic location (tidal currents up to 

approximately 3 ms-1) showed that seals could be effectively detected and tracked 

from a seabed mounted sonar system.  Results of measurements of the spatial 

granularity of seal tracks produced by the detection and tracking software showed 

that movement behaviour in the X-Y plane would have sub-metre spatial resolution; 

the majority (81%) of consecutive detections were less than 0.5 m apart and 95% of 

all consecutive detections were less than 0.9 m apart.  Furthermore, the 

development of the dual sonars appears to be an effective means of tracking seals in 

3D in tidally energetic locations.  Specifically, the results of the calibrations using the 

dual sonars showed that the depth of a seal could be accurately predicted by either 

mounting the sonars in perpendicular orientations (errors ranged from -3.0 to +4.9 m 

with a mean absolute error of 1.6 m) or by mounting them in an offset parallel 

orientation (errors ranged from -2.6 to +4.3 m with a mean absolute error of 1.5 m).  

Together, these results show that seals can be tracked around tidal turbines with 

good spatial resolution (sub-metre) in the X-Y plane and with an accuracy of around 

1-2 m in the depth plane.  So, any evasion responses largely in the horizontal plane 

will be detected with a good degree of accuracy although vertical responses will be 

associated with more error.  This has obvious implications for the assessment of 

whether a collision has occurred; specifically, the error in depth estimation makes it 

unlikely that a collision can be reliably confirmed using the AAM system. 

 

Based on previous development work (Hastie, 2012) and the results of this study, it 

is proposed that the most effective location for the seabed mounted sonars is 30 m 

to the side of the turbine axis and orientated so that the turbine is approximately mid 

frame (Figure 49 and Figure 50).  This is likely to provide the best coverage of the 

turbine and would allow targets to be tracked in 3D both upstream and downstream 

of the turbine.  It is proposed that a custom built pan and tilt mechanism is used to 

fine control the angles once the platform is deployed.  Such a system is currently 

being specified.  
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Figure 49: A schematic of the horizontal sonar swathe coverage of a tidal turbine when the 
sonar is located 30 metres to the side of the turbine.  The figure shows an approximation of 
a tidal turbine with 18 metres diameter rotors overlaid on a sonar image of a harbour seal in 
a tidally energetic location (Kyle Rhea).   

 
 
Figure 50: The predicted sonar intensities of a seals in the vertical plane of dual sonars 
mounted 30 metres away from a tidal turbine and offset by an angle of 17 degrees; the left 
panel shows the lower sonar and right panel shows the upper sonar.  The circle in each 
figure represents the approximate rotor sweep of an 18 metre diameter turbine with the rotor 
centred 13 metres above the seabed, the dashed lines represent the 20 degree vertical 
sonar swathe reported as the -3dB coverage of the sonar by the manufacturer, and the 
coloured areas represent the modelled intensities of a seal based on the measurements 
made with a grey seal carcass in Section 6. 
 

Although good progress has been made to providing a sonar solution for tracking 

seals in 3D around operating tidal turbines, there are a number of development tasks 

that need completing prior to deployment at the MeyGen site in the Pentland Firth.  

Firstly, from a software perspective, the new classification algorithms and 3D 
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tracking will need to be integrated into the existing SeaTec software to reduce post 

hoc analyses.  This is currently on-going and should be completed prior to 

deployment.  Secondly, the image of the rotating turbine and any associated 

turbulence may result in false detections - this may need to be taken into account in 

the automatic detection software and any areas of significant noise ‘masked’ out.   

 

From a hardware perspective, the platform that will mount the dual sonars will need 

to be designed and fully approved by the turbine manufacturer prior to deployment at 

the desired tidal turbine location.  Although the HiCUP platform has been tested in 

Kyle Rhea in flows of up to 4 ms-1, it has not been tested at the Inner Sound site. 

MeyGen are currently reviewing the design of the platform to assess its suitability for 

the Inner Sound site.  It is also recommended that a protective housing is provided 

for the sonars to protect from debris being carried in the current.  Based on the trials 

of polyethylene described in Section 6.5, there will need to be a clear opening for the 

sonar heads. 

 

Similarly, mounting locations of the sonar topside processing and power 

management housings will need to be considered.  Finally, if additional active 

acoustic sensors (e.g. ADCPs) are planned for deployment around the operating 

turbine, crosstalk between the systems potentially compromising the data is 

possible.  From this perspective, synchronising the pings of the different systems 

should be considered.  Discussion is underway between Benjamin Williamson (under 

a NERC Knowledge Transfer Partnership between MeyGen and the University of 

Aberdeen) and Tritech software engineers to develop the most effective solution.  

 

8.4.3.1. Shore Side Data Processing, Analysis and Storage 

 

Sonar data will be processed in real time on-shore using a dedicated PC and both 

sonar image data (*.ecd files) and associated detection and classification files (*.txt 

files).  These files will store summary information on detection timings, target tracks 

including X-Y locations, X-Y velocity, a measure of the probability that the target is a 

marine mammal, and summary information required to calculate depth) will be stored 

on two external 4TB HDs simultaneously (two backup datasets).  The PC should 

have the following specifications: 16 GB RAM, 3.5 GHz (Quad-Core) processor, 3D 

hardware accelerated graphics card, 1600x1200 (32bit colour) display.  There should 

have a means of remotely accessing the PC to allow monitoring offsite.   

 

It is proposed that sonar image data is collected 24/7 together with the detection and 

track files for at least the first month of deployment.  This should allow the efficiency 

of the system to be assessed prior to switching to a more data efficient means of 
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monitoring.  Raw sonar image data (*.ecd) from the dual sonars will be 

simultaneously recorded to two external hard disks.  This will amount to 

approximately 214 GB per day; one month of data will, therefore, require 

approximately 12.8 TB (6.4 TB on each of two backup hard disks).  Once the system 

has been tested over the first month of operation, it is proposed that the data 

collection is switched to a more data efficient means of monitoring (Table 15). 

Specifically, the automated marine mammal detectors will be run 24/7 to produce 

summary detection files (*.txt).  These will be saved on the two external disk drives.  

The raw image files associated with each automated marine mammal detection will 

also be saved automatically on the two disk drives for post hoc validation purposes. 

It is proposed that the summary detection files are remotely downloaded on a 

frequent basis (daily if practical) for storage in a database on a backup hard disk at 

SMRU.  This would provide a means of efficiently post processing the detection and 

classification data to produce 3D tracks of marine mammals in the vicinity of the 

turbine.  Remote monitoring of the data volumes on the external disk drives on the 

shore side PC will also provide a means of identifying when disk drives will need 

replacing.  This approach would also provide an efficient means of reporting marine 

mammal detection rates and movements (pre-validation) at a desired reporting 

schedule or a way to quickly interrogate track data for periods of interest, e.g. if other 

monitoring sensors indicate a collision or close range interaction with the turbine. 

 

Depending on MeyGen’s requirements during real time operation – it is possible to 

configure the SeaTec software to provide alerts if potential marine mammal targets 

are detected within a specified range of the turbine.  

 

8.4.4. Video 

 

A video engineer has been commissioned to finalise a design where wide-angle 

video cameras will be attached to each of two of the foundation legs.  Power and 

data will be provided by a cable running parallel to (but far enough away to avoid 

cross talk with) the THC pod cabling.  These cables will terminate in the foundation 

dry space provided by MeyGen.   

 

The bandwidth requirements for twin video cameras is 4 MB s
-1

 = c. 350 GB per day.  

With Gigabit Ethernet, sufficient bandwidth will be available for both this, the PAM 

and the AAM systems, although stability testing will be required prior to installation.  
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Table 15 
Proposed data management scheduling for the active sonar system. 
 

Activity Location Timing 

Saving of detection and classification files 
(*.txt) from Gemini  

Dual 4TB disk drives connected to 
shore side PC 

Real time 

Saving of raw sonar data (*.ecd) associated 
with detections  

Dual 4TB disk drives connected to 
shore side PC 

Real time 

Download detection and classification files 
(*.txt) via remote access* 

Disk drive located in PC at SMRU Daily 

Manually replace and archive dual 4TB disk 
drives connected to shore side PC  

Shore side PC 

 

Monthly** 

Post process detection and classification files 
to create 3D tracks  

PC at SMRU Monthly 

 

* Dependent on internet bandwidth. 

** This will be dependent upon data volumes and may be more or less frequent  

 

It is proposed that video data are collected 24/7 for at least the first month of 

deployment.  Thereafter, it is proposed to review the quality of the recordings and to 

limit recording to daylight hours.  It is also proposed that a single shore-side PC is 

dedicated to acquiring, displaying and storing video data.  Data files should be 

appended every 24 hours so that a PC failure will result in a maximum of 24 hours of 

data loss.  Facility should be available for regular remote downloading to .a 

dedicated server.  Also, facility should also be made available for real-time remote 

monitoring of images when requested. 

 

8.5. Generic Application Principles 

 

While the focus of efforts has been to develop systems which can be integrated into 

a specific turbine (AR1500), most of the basic design principles are applicable to the 

use of these sensors in other situations.  Fundamental to all systems are power and 

communications.  Both the AAM and the PAM systems require several watts of 

power.  Similarly, both the PAM and the AAM systems produce high volumes of data 

with a 12 channel PAM system producing around a TB of raw data per day.  While 

data volumes could be reduced through data compression, multiple high capacity 

hard drives would be required to run the system autonomously for more than a week 

or so.  

 

PAM tracking accuracy is best close to the PAM array, so the preferred option will 

always be to mount the PAM hydrophones on the turbine support structure.  As well 

as being close to the turbine blades, rigid mounting has the advantage of accurate 
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hydrophone placement which is essential for accurate localisation of sound sources. 

However, individual turbine designs might not allow hydrophone clusters to be 

attached at the required spacing for accurate tracking at the desired ranges. If 

hydrophones were mounted off the device on separate platforms, then a system for 

accurate location of the hydrophone systems would have to be developed. 

 

To achieve full coverage of the turbine blades, a cabled AAM system needs to be 

sited some distance away from the structure, with the exact distance depending on 

the geometry of the turbine and the size of the rotor swept area.  The preference is 

for the sonars to be to the side of the structure (looking across the current).  

 

For video monitoring consideration needs to be given to the local visibility at the site 

and to the potential for bio-fouling. 

 

The potential for interference from other monitoring systems must be considered.  In 

particular, other active acoustic devices, for example ADCPs and other acoustic 

monitoring equipment (e.g. echo sounders for monitoring fish) emit high frequency 

signals which may interfere with the active and passive detectors, but could also 

potentially affect the behaviour of animals around a device. ADCPs in particular are 

likely to be a necessary part of tidal turbine deployments and, therefore, will always 

be an issue that needs to be considered.  The potential for inter sensor interference 

can be addressed by synchronisation of devices.  However, the potential for 

avoidance may pose a more serious problem when trying to measure and interpret 

the behaviour of marine mammals around tidal energy devices.  It is important that 

any monitoring/measurement systems that are unique to the demonstration, 

instrumented turbine installation, have minimal biological effect.  

 

8.6. Data Analysis Requirements in Relation to Final Deployment 

 

Existing information on harbour seal abundance in Gills Bay (where the MeyGen 

turbine will be installed) suggests that the encounter rate with the turbine will be low 

(Thompson et al., 2015).  Little information exists about the likely encounter rate with 

harbour porpoises.  As a result, it is likely that a monitoring programme would have 

to last for at least a year in order to gather sufficient data to estimate both close 

encounter rates and evasion behaviour, which are the data needed to parameterise 

collision risk models.  

 

The proposed sensor deployment will produce three data sets: PAM, AAM and video 

surveillance.  It is likely that data will be generally sparse due to the expected low 

encounter rate of seals and porpoises.  It is also likely that data about individual 
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encounters will be fragmented.  For PAM this may be due to fragmented click/ping 

sequences due to changes in posture of a porpoise or acoustically tagged seal, and 

thus the received acoustic signal level.  There will still be a degree of error in the 

locational information for each detection.  For AAM there will still remain an element 

of uncertainty about the exact position and classification of the perceived target.  For 

video surveillance it is also likely that there will remain an element of uncertainty 

about the exact position of the target in relation to the blades.  It would be useful, 

therefore, to consider the construction of a Bayesian movement model that could 

incorporate these three disparate data sets (with uncertainty) to predict a best 

estimate (with uncertainty) of the 3D trajectory of animals in the vicinity of a turbine 

blade.  This will provide a better ability to make inferences about the behaviour of 

animals around turbines, and to determine whether collisions are taking place.  

 

Similarly, there will be a level of uncertainty as to how well video surveillance (during 

the windows in which it can operate) detects the outcome of an encounter - whether 

there was successful evasion or a turbine impact.  An uninterrupted vocal sequence 

of clicks continuing after a close encounter with the rotor area would suggest that a 

porpoise has evaded impact.  Similarly, if the track data suggests an interrupted 

movement path this would suggest a lack of impact.  Again, there is a need to 

combine data sets (and perhaps others such as strain gauge information on the 

turbines) in a Bayesian model to estimate the most likely outcome of a close 

encounter.  
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11.0 Glossary 

 

AAM Active Acoustic Monitoring 

ADCP Acoustic Doppler Current Profiler 

AR1500 Atlantis 1.5 MW turbine 

DAQ Data Acquisition 

Db Decibel (unit of sound) 

DECC Department of Energy and Climate Change 

EK60 Simrad Echosounder 

FLOWBEC Flow and Benthic Ecology 4D 

GB Gigabyte 

GPS Global Positioning System 

GSM Global System for Mobile Communications 

HiCUP High Current Underwater Platform 

HRA Habitats Regulations Assessment 

kHz Kilohertz 

LAN Local Area Network 

LED Light emitting diode 

MB Megabyte 

Mbps Megabits per second 

MCMC Markov Chain Monte Carlo 

NERC Natural Environment Research Council 

NI National Instruments  

NMEA National Marine Electronics Association 

ORJIP Offshore Renewables Joint Industry 
Programme 

PAM Passive Acoustic Monitoring 

PAMGuard Software used for collecting and processing 
PAM data 

ROV Remotely operated vehicle 

RS232 Communications protocol 

SDM Survey Deploy and Monitor 

SEA Strategic Environmental Assessment 

SGDS Scottish Government Demonstration Strategy 

SMRU Sea Mammal Research Unit 
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SVM Support Vector Machine 

TB Terabyte 

TEL Tidal Energy Ltd 

TOAD Time of arrival delay 

THC Tetrahedral Hydrophone Clusters 

UHF Ultra High Frequency 

UV Ultraviolet 

VHF Very High Frequency 

VEMCO Brand name for animal borne acoustic 
tracking tags  
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12. Appendix A 

 

Development of New PAM Timing Algorithms 

 

This appendix describes work undertaken to improve the accuracy of time of arrival 

differences for VEMCO tag signals, an essential step in localisation using a PAM 

array. 

 

The standard method of estimating the time delay between two signals is to find the 

peak in the cross correlation function of those signals as shown in Figure 51.  Even 

for porpoise clicks which are relatively short, the repetitive nature of the click’s 

waveform can result in a multi-peaked cross correlation function making it difficult to 

select the correct peak.  This problem becomes significantly worse in the presence 

of noise and reverberation (echoes), all of which distort the signal waveforms. 

 
Figure 51: Porpoise signal waveforms on two channels and their cross correlation function 
(black lines).  Also shown are the waveform envelopes and cross correlation function of the 
waveform envelopes (red lines).  The time delay is taken as the maximum of the cross 
correlation function which in this example is around 0.1 ms.  

 

Figure 52 shows the differences between successive time delay measurements 

arising from artificial porpoise like clicks spaced 0.1 s apart.  The sound source 

would have moved a negligible distance in this time, so time delay measurements 

should be nearly identical.  This is consistent with the strong peak in Figure 52 at 
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zero time difference, which has a width of around 0.3μs, i.e. less than 1/6 of a 

sample.  However, several other peaks are visible to the right and left of the central 

peak, representing measurements where the cross correlation is 1, 2 or 3 cycles of 

the waveform out.  For porpoise clicks, 30% of timing measurements lie in these 

secondary peaks of the timing histogram.  The standard deviation for time 

differences is 8 μs (excluding a small number of outliers with gross timing errors > 50 

μs).  Assuming independence between the timing errors on each click, this suggests 

a timing error on each measurement of around 5 μs.  

 

 
Figure 52: Timing differences between adjacent clicks for different click types on the two 
hydrophone clusters from Calibration trials conducted in the Sound of Sleat.  Note the 
different horizontal scales used for the porpoise clicks and VEMCO tags (porpoise cl ick 
timing being more accurate than VEMCO tag timing).  

 

For the longer duration VEMCO tag signals (Figure 53) the cross correlation function 

contains many peaks with similar maximum values and it becomes even harder to 

select the correct one.  This problem is exacerbated by signal distortion caused by 

echoes from nearby structures which start to arrive and distort the signal long before 

the original pulse has been captured.  Figure 52 also shows timing errors calculated 

in the same way for VEMCO tags.  Clearly the number of timing measurements with 

a large error, caused by the wrong peak being selected, is much greater than that for 

the shorter porpoise clicks. 
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Figure 53: Signal waveforms (black), envelopes (red) and leading edge envelopes (blue) 
(top Panel) and their cross correlation coefficients (bottom panel) for signals from a VEMCO 
tag.  Note the multiple similar sized peaks on the waveform cross correlation.  The peak of 
the correlation functions based on waveform envelope (red lines) and on the leading edge of 
the waveform envelope (blue lines) are clearly better defined.  

 

An alternative to cross correlating the signal waveform is to cross correlate the 

waveform envelope.  The waveform envelope (also known as the analytic signal, 

shown in red in Figure 51 and Figure 53), is calculated from the Hilbert transform of 

the original waveforms.  Cross correlations derived from the waveform envelope tend 

to have a single peak rather than multiple peaks, meaning that identification of the 

wrong peak is unlikely.  However, there is the trade-off that the broader nature of the 

single peak, also means that the maximum of that peak is less well defined.  For the 

porpoise click example in Figure 51 the timing difference between the two methods 

is 1.4 samples, whereas for the VEMCO pings it is 26 samples.  

 

Another refinement when using the waveform envelope for cross correlation is to use 

only the rising edge of the envelope.  This is advantageous because the rising edge 

is the part of the signal least likely to be distorted by echoes and reverberation.  To 

find the leading edge, the first derivative of the envelope is taken and the first peak 

identified.  The extent of the first peak is then taken as being the part of the envelope 

derivative for which that first peak is above zero and all data outside that first peak 

are set to zero (blue line in Figure 53, top panel).  Timing accuracy for porpoise-like 

clicks and VEMCO tags for different correlation methods are presented in the main 
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body of this report, Section 5.2.2, Table 8.  For porpoise clicks, using the waveform 

envelope made little difference to timing accuracy.  However, for the VEMCO tag 

signals, using the leading edge of the waveform envelope reduced timing errors by a 

factor three.  

 

Integration of this new timing method into the PAMGuard software is described in 

Section 5.4.1. 
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Appendix B 

 

Seal Depth Calculation from Vertically Offset Multi-beam Sonars 

 

The vertical beam pattern of the sonars was measured by lowering and raising the 

seal vertically through the swathe of one of the sonars; the relationship between the 

measured intensity on the sonar and both the angle of declination (degrees) and the 

range (metres) from the sonar heads (measured using the depth of the OpenTag 

together with the measured distance on the sonar) was modelled in a generalised 

linear model with Gaussian errors and an identity link function.  The best fit model of 

the patterns of intensity of the grey seal carcass was described by Equation 1.  The 

resultant model functions (±95% CIs) are shown in Figure 54. 

Equation 1: 
 

         (       )  (             ) 

Where: 

 

SI is the relative intensity of the seal measured on the sonar, 

 

α is the vertical angle of the seal in degrees relative to the centre of the vertical 

beam of the sonar, 

 

d is the range in metres of the seal from the sonar.  

 
Figure 54: Patterns of signal intensity of a grey seal measured on a 720 kHz multibeam 
imaging sonar.  The figure shows the best fit model functions (±95% CIs) of a Generalised 
Linear Model (GLM) of the intensity values with vertical angle through the sonar swathe and 
with range from the sonar.   

 



 

107 

 

The second sonar was then mounted alongside the first and was orientated in the 

same horizontal angle but was orientated vertically with an offset angle of 17
o
.  This 

provided an area where the swathes of the two sonars overlapped and the seal 

could be detected on both sonars (Figure 55).  Over the period when the seal was 

visible on both sonars, the peak intensity of the seal was measured on each sonar at 

one second intervals and the ratio of intensities between the sonars was computed 

(Figure 56).  The angle of declination of the seal from the water surface was 

calculated by comparing the intensity ratios to the expected ratios based on the 

modelled vertical beam pattern of the sonars (Figure 56).  These angles, together 

with the measured ranges of the seal from the sonar, provided the information to 

calculate the depth of the seal at one second intervals.  These depths were then 

divided into vertical tracks (where the seal was detected continuously on both 

sonars).  Each vertical track was smoothed using a uni-variate penalized cubic 

regression spline smooths implemented using the package ‘mgcv’ (Wood, 2006) in 

the statistical software R (R Core Development Team, 2012) to produce a series of 

modelled depths (± 95% CIs) for each vertical track.  Modelled depths were then 

compared to those measured on the depth logger to estimate the accuracy of the 

method for predicting dive depth.    

 
Figure 55: The depth measurements from the depth logger affixed to the grey seal carcass 
as it was lowered and raised through the dual sonar beams at a range of between 27 and 40 
metres from the sonar.  The points are colour coded to show whether the seal was detected 
on the upper sonar only (light blue), both sonars (dark blue), the lower sonar only (green), 
and neither sonar (white).  
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Figure 56: Example of the expected ratio of sonar intensities for a seal based on two 720 
kHz multibeam imaging sonars offset by a vertical angle of 17 degrees.  In this example, a 
ratio of less than, or greater than one would be expected if the seal was at a vertical angle 
less than, or greater than 8.5 degrees from the centre of the upper sonar respectively.   
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APPENDIX D: MONITORING EQUIPMENT MATRIX 



EQUIPMENT MATRIX - MEYGEN PHASE 1A

Equipment name Description Ownership
Recovery 

Responsibility

Consequences of equipment 

failure 

Impact upon  S.36  

condition 12 
Redunancy 

Impact 

High/Medium/Low

Imagenex Active Sonar NOC MeyGen

Loss of target tracking, 

classification and behavioural 

responses in vertical swath.

EK60 and Gemini 1 & 2 H

EK60*3 Echosounder / active sonar NOC/SG MeyGen

Loss of target classification and 

species ID (with known 

frequency response) 

Imagenex and Gemini 1 & 2 H

Frame Frame on which equipment sits NOC/SG/UoA MeyGen
Loss of frame and all FLOWBEC 

equipment
Rely on SGDS equipment H

Umbilical
Power and data cable 

connecting to TSS
MeyGen MeyGen

Loss of power and data to / 

from FLOWBEC

Redeploy autonomous FLOWBEC 

system run off batteries. Then 

regular recovery and deployment.

H

Current: NOC/SG

MeyGen due to 

replace

Controller
To remotely control the 

monitoring equipment
NOC/SG/UoA MeyGen

Loss of control to monitoring 

equipment 

Redeploy autonomous FLOWBEC 

system run off batteries. Then 

regular recovery and deployment.

H

ADV
Provides near-bed flow and 

turbulence data
NOC MeyGen

Loss of near-bed flow and 

turbulence data
ADCP on HiCUP and ARL TSS.  L

Fluorometer
Measures turbidity and 

chlorophyll
UoA MeyGen

Loss of turbidity and 

chlorophyll data

Redeploy autonomous FLOWBEC 

system run off batteries. Then 

regular recovery and deployment.  

Unlikey if failure with 

fluorometer only.

L

Gemini 1 Active Sonar SG Retrieavable 

Loss of 3D tracking and only 

partial coverage of rotor swept 

area.

Rely on only 1 Gemini and 

FLOWBEC
H

Gemini 2 Active Sonar SG Retrieavable 
If both Gemini fail then no 

active sonar
Rely on FLOWBEC H

Frame Frame on which equipment sits SGDS Retrieavable 
Loss of frame andequipment on 

it.
Rely on FLOWBEC H

Umbilical
Power and data cable 

connecting to TSS
MeyGen Non retrievable

Loss of power and data to 

HiCUP
Rely on FLOWBEC H

Junction Box
Where umbilical connects to 

TSS
SGDS Non retrievable

Loss of power and data to 

HiCUP
Rely on FLOWBEC H

Sig500 ADCP
Measures flow velocity, 

turbulence and waves
MeyGen Retrieavable 

Loss of flow velocity, turbulence 

and wave data

Rely on FLOWBEC and ADCP on 

nacelle
L

Condition 12 (b)HiCUP

Redeploy autonomous FLOWBEC 

system run off batteries. Then 

regular recovery and deployment.

H

FLOWBEC

Junction Box
Where umbilical connects to 

TSS
MeyGen

Loss of power and data to / 

from FLOWBEC

Condition 12 (b) (d)



Camera 1 Video SGDS Non retrievable
Loss of footage from one side of 

turbine

Rely of second SGDS camera and 

camera on nacelle.  Also strain 

gauge / accelerometer data for 

blade impact

H

Camera 2 Video SGDS Non retrievable
Loss of footage from both sides 

of turbines

Rely of camera on nacelle.  Also 

strain gauge / accelerometer data 

for blade impact

H

HP Cluster 1 Passive Acoustic Monitoring SGDS Non retrievable

Loss of PAM from 1 

hydrophone = no 3D tracking 

ability

Rely on 2 hydrophones H

HP Cluster 2 Passive Acoustic Monitoring SGDS Non retrievable

Loss of PAM from 2 

hydrophones = no tracking 

ability

Rely on 1 hydrophone H

HP Cluster 3 Passive Acoustic Monitoring SGDS Non retrievable
Loss of PAM from 3 

hydrophones = no PAM
No Redunancy H

PAM Controller PAM Controller SGDS Non retrievable Loss of PAM No Redunancy H

Comms & Power
Cables for communications and 

power
MeyGen / ARL Non retrievable

Loss of PAM and camera 

footage
No Redunancy H

Junction Box Where cables connect MeyGen / ARL Non retrievable
Loss of PAM and camera 

footage
No Redunancy H

ADCP
Measures flow velocity, 

turbulence and waves
MeyGen / ARL Non retrievable

Loss of flow velocity, turbulence 

and wave data
Condition 12 (a) Rely on FLOWBEC and HiCUP L

Camera Video MeyGen / ARL Non retreiveable Loss of footage Condition 12 (b) (d)

Rely on cameras on TSS, and 

strain gauge / accelerometer data 

for blade impact

H

Strain gauge / accelerometer Measures blade impact MeyGen / ARL Non retreiveable 
Loss of strain gauge  / 

accelerometer data
Condition 12 (b) (d)

Possibly rely on cameras for blade 

impact
H

FLOWBEC PC

Computers receiving and 

storing data from monitoring 

equipment

MeyGen N/A Loss of monitoring data Condition 12 (b) (d) Rely on SGDS PCs H

SGDS computer

Computers receiving and 

storing data from monitoring 

equipment

SGDS N/A Loss of monitoring data Condition (b) Rely on FLOWBEC PCs H

Camera 1 Video AHH Non retrievable
Loss of footage from small part 

of rotor swept area

Rely on other 2 cameras and 

strain gauges
H

Camera 2 Video AHH Non retrievable
Loss of footage from large part 

of rotor swept area

Rely on 1 camera and strain 

gauges
H

Camera 3 Video AHH Non retrievable
Total loss of footage from rotor 

swept area
Rely on strain gauges H

Strain gauges Measures blade impact AHH Non retrievable Loss of strain gauge data Rely on cameras  H

Condition 12 (b)

Condition 12 (b) (d)

Condition 12 (b) (d)AHH TTG x 3

ARL TSS

Nacelle

PCUB (onshore 

substation)
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EXECUTIVE SUMMARY 

This Environmental Management Plan (EMP) has been prepared by MeyGen Ltd. to set out 

the proposed method for discharging the Condition 11 of the Section 36 Consent for the 

Development.  

The document details the construction related mitigation methods proposed for the 

Development, how these are to be delivered in the construction procedures and good working 

practices for installing the Development, how this document integrates with the wider 

environmental management of the Development, and how communication will be maintained 

between the Principal Contractor, MeyGen Ltd. and the regulators. 

The EMP presented within this document is to satisfy Condition 11 and enable construction of 

the Development to progress, subject to the EMP being implemented. 

The EMP will be submitted to the to the Scottish Ministers for their written approval, in 

consultation with SNH and any other ecological, or such other advisors as required at the 

discretion of the Scottish Ministers., and will be used, where appropriate, to inform the 

discharge of other Conditions within the Section 36 Consent which refer to it. 

An EMP for HDD Marine Works (RHK-1A-40-HSE-001-D-EMPHDD) has already been 

consulted on and approved by Scottish Ministers. This EMP is for the remaining Construction 

Works for Phase 1a; this includes the installation of:   

• 4 x Turbine Subsea Cable (TSC); 

• 4 x Turbine Support Structure (TSS); and 

• 4 x Tidal Turbine Generator (TTG).  
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1 INTRODUCTION 

The MeyGen Tidal Energy Project Phase 1 (“the Development”) received consent under 

Section 36 of the Electricity Act 1989 from the Scottish Ministers 9th October 2013 (“the S.36 

Consent”). This Environmental Management Plan (EMP) is prepared to enable Condition 11 

of the S.36 Consent (“the Condition”) to be discharged. Condition 11 states: 

The Company must, no later than 3 months prior to the Commencement of the 

Development, submit in writing an Environmental Management Plan (“EMP”) to the 

Scottish Ministers for their written approval, in consultation with SNH and any other 

ecological, or such other advisors as required at the discretion of the Scottish 

Ministers. The final draft of the EMP must have been approved by the ECoW prior 

to its submission to the Scottish Ministers. 

The EMP (and, as the case may be, amended EMP) must detail measures that must 

be taken by the Company, through all stages of the Development, to prevent adverse 

impacts including, but not limited to, marine mammals, birds, fish and habitats as 

outlined in Chapter 25 of the Company’s Environmental Statement. The EMP must 

take account of, and implement, recommendations where appropriate and 

reasonable from the CMS, the Operations & Maintenance Programme, the Vessel 

Management Plan and the Navigational Safety Plan, as well as any other 

recommendations within the Company’s Environmental Statement. 

The EMP must be regularly reviewed by the Scottish Ministers, at timescales to be 

determined by the Scottish Ministers, in consultation with SNH, the ECoW and any 

other ecological, or such other advisors as required at the discretion of the Scottish 

Ministers. Following such review the Scottish Ministers may, in consultation with 

SNH, the ECoW and any other ecological, or such other advisors as required at the 

discretion of the Scottish Ministers, require the Company to amend the EMP and 

submit such an amended Plan to them, in writing, for their approval. The Scottish 

Ministers may approve an amended Plan in consultation with SNH, the ECoW and 

any other ecological, or such other advisors as required at the discretion of the 

Scottish Ministers. 

The EMP must, so far as is reasonably practicable, be consistent with any relevant 

monitoring requirements during construction taken from the Project Environmental 

Monitoring Programme. 

The Environmental Management Plan must be implemented in full by the Company. 

This document sets out the proposed EMP that MeyGen Ltd (“MeyGen”) intends to undertake, 

to allow Condition 11 to be discharged. 
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2 SCOPE OF THE ENVIRONMENTAL MANAGEMENT PLAN 

This EMP has been developed in accordance with the Institute of Environmental Management 

and Assessment (IEMA) Practitioner “Environmental Management Plans”, Best Practice 

Series, Volume 12, December 2008.   

MeyGen commits to safeguarding the environment through the identification, avoidance and 

mitigation of the potential negative environmental impacts associated with the development, 

construction and operation of the Development.   

The principle objectives of the EMP are to:  

• Identify avoid, minimise and control adverse environmental impacts associated with 

the Development; and  

• Define good practice as well as specific actions required to implement mitigation and 

monitoring requirements as identified in the ES, and the licensing and consenting 

process.  

The Development must, at all times, be constructed and operated in accordance with the 

approved EMP (as updated and amended from time to time). Any updates or amendments 

made to the EMP by MeyGen must be submitted, in writing, by MeyGen Ltd. to the Scottish 

Ministers for their written approval. 

The EMP must be in accordance with the Environmental Statement (ES) and Supplementary 

Environmental Information Statement (SEIS) as it relates to environmental management 

measures. 

The EMP (S.36 Consent, Condition 11) includes the Marine Pollution Contingency Plan 

(Marine Licence, Condition 3.2.13) and Reporting Protocol for the Discovery of Marine 

Archaeology (S.36 Consent, Condition 16). 

The EMP forms part of a suite of documents related to the consent conditions that MeyGen 

seek to discharge:  

• Construction Method Statement (CMS) (S.36 Consent, Condition 9), including Cable 

Installation Plan (Marine Licence 3.2.1.8) and Cable Protection Plan (Marine Licence 

3.2.1.9); 

• Navigation Safety Plan (NSP) (S.36 Consent, Condition 17); and 

• Vessel Management Plan (VMP) (S.36 Consent, Condition 14). 

Phase 1a of the Development is a 6MW, 4 tidal turbines initial phase to be installed and 

operatives under the restriction placed on the Development by Condition 2 of the S.36 

Consent. 

This document, as agreed with the licensing authority, updates the original Environmental 

Management Plan (EMP) (MEY-1A-40-HSE-F-002-EMPConstructionWorks) submitted to 

Marine Scotland on 29/07/2015.  This update is required to include reference to using a Jack-

Up Vessel (JUV) in addition to, or as an alternative to, using a Dynamic Positioning Offshore 

Construction Vessel (DP OCV) during installation of the Turbine Support Structures (TSS) and 
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Tidal Turbine Generators (TTGs).   

It is also noted that, although the Turbine Subsea Cables (TSC) have now been installed 

(August 2015), to ensure consistency with the original CMS, reference to the TSCs is still 

included in this document as part of the overall ‘Construction Works’ for the Phase 1a 

infrastructure (the location of which is shown in Figure 1).  The Construction Works also 

include 4 x Tidal Turbine Generators (TTG) and 4 x Gravity-base Turbine Support Structures 

(TSS).     

MeyGen has previously produced an EMP for the HDD Marine Works (RHK-1A-40-HSE-001-

D-EnvironmentalManagementPlanHDD), which was consulted on and approved by Scottish 

Ministers.  

 Environmental Management Plan (EMP) 

The EMP is in accordance with the Environmental Statement (ES) and the Supplementary 

Environmental Information Statement (SEIS).  

It is intended that this EMP will be regularly reviewed throughout the planning and development 

of specific marine activities and revisions approved by the Scottish Ministers in accordance 

with the Condition. The system of review, update, consultation and approval (Section 11) 

during construction and operation is to ensure and achieve continual improvement aligned with 

ISO14001 principles. 

The document contains the following sections: 

• Licences and Legal Requirements; 

• Communications Roles and Responsibilities;  

• Marine Mammals; 

• Marine Pollution Contingency Plans;  

• Invasive Species Management; 

• Reporting Protocol for the Discovery of Marine Archaeology; 

• Waste Management; 

• EMP Review and Consultation; 

• Linkages with Other Conditions; and 

• References. 
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3 COMMUNICATION, ROLES AND RESPONSIBILITIES 

This section details the Development team roles, responsibilities and lines of communication 

during the construction and operation of the Development. 

 

 Responsibilities and Ownership 

The Principal Contractor (PC) will have the ultimate responsibility for ensuring the 

implementation of the EMP.  

The Ecological Clerk of Works (ECoW) will provide quality assurance and approval of any 

version of the EMP. 

Any updates to the EMP by the PC will require the ECoW to check compliance with current 

legislation, consent conditions and related documents. Updated EMP will then be submitted to 

Scottish Ministers for approval. 

 Organisational Chart 

The organisational chart for the HDD Marine Works is below in Figure . This includes how 

communication as part of the EMP will be conducted in normal working procedures and in the 

case of emergencies. 

The organisation chart presents the key interfaces, lines of communication and responsibilities 

with regards to the flow of requirements and provision of mitigating actions across the HDD 

Marine Works.  

Details of contacts relevant to the delivery of this plan are included in the Construction Phase 

Emergency Response Cooperation Plan (CPERCoP) and the Construction Phase Health and 

Safety Plan (CPH&SP).  
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Figure 1 Key interfaces and organisation chart  
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 MeyGen - Ecological Clerk of Works 

• Review and approve all consent related documents (S36 Condition 10). 

• Review / comment on content of Site Inductions and Toolbox Talks. 

• Review / comment on Risk Assessments and Method Statements (RAMS) as and 

where necessary with respect to environmental impacts and controls. 

• Inspect the site / vessel / JUV on a regular basis to ensure effective 

implementation/operation of all environmental mitigation measures. 

• Audit PC procedures, inspections, investigation and reporting.  

• Ensure compliance with approve consent related documents, environmental legislation 

and requirements and address any shortfalls with the PC (S36 Condition 10). 

• Review environmental incidents / near misses and PC investigations 

• Report compliance and incidents to the licensing authority and other necessary 

regulatory authorities. 

• Notify the licensing authority of vessel / JUV details (ML Condition 3.1.3) 

• Notify the licensing authority of the commencement date and the completion date (ML 

Condition 3.2.1.4) 

• Provide an update report should any unexpected delays to construction be 

encountered 

• Provide Transport Audit Sheets for works to the licensing authority (ML Condition 

3.2.2.1) 

• Notify the licensing authority of deposits by MHWS (ML Condition 3.2.2.2) 

• Ensuring any protected species licenses are in place for the Development (S36 

Condition 10) 

 Principal Contractor 

3.4.1 Project Manager  

• Facilitate dissemination of specific environmental requirements to the project team.  

• Oversee the implementation and review of environmental procedures throughout the 
project.  

• Review and approve all consent related documents, including, but exhaustive, CMS, 
VMP and NSP. 

• Monitor the environmental performance of the project through maintaining an overview 
of incidents, inspections and audits. 

• Ensure that environmental considerations form an integral part of Design and 
Implementation of the Works and to include environmental reviews as part of regular 
project meetings.  

• Review and approve Risk Assessments and Method Statements (RAMS) as and where 
necessary with respect to environmental impacts and mitigation. 
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• Ensure that all environmental incidents are reported to the ECoW and MeyGen in 
accordance detailed reporting requirements and the respective regulatory bodies 
(where required) as soon as possible. 

• Review environmental matters with the ECoW and MeyGen and respective regulatory 
bodies on a regular basis and as per project requirements. 

• Ensure that arrangements for liaison with Development respective regulatory bodies 
on all environmental issues is appropriate and maintained. 

• Implement and maintain a project communications strategy to manage project public 
relations and complaints. 

• Produce weekly and monthly reports and submit to MeyGen Package Manager and 
ECoW. 

• Ensure contractors are approved, operates a Safety Management System, confirm that 
they are suitably qualified in their line of work and have undertaken suitable 
environmental training to cover tasks to be undertaken. 

3.4.2 HSE Advisor 

The HSE Advisor is nominated by the Principal Contractor.  Key roles and responsibilities of 
the HSE Advisor include, but are not limited to the following: 

• Verify compliance with relevant legislation.  

• Prepare, implement, review and update consent related documents (in conjunction with 
the Project Management Team) in accordance with consent condition, Principal 
Contractor procedures and current legislation. 

• Advise the project team on environmental related decision making 

• Review Risk Assessments and Method Statements (RAMS) as and where necessary 
with respect to environmental impacts and mitigation. 

• Approve Toolbox Talks and Site / Vessel / JUV Inductions and ensure content 
promotes effective environmental management, specific works and site / vessel / JUV 
sensitivities and communicate associated lessons learnt. 

• Provide support to the Marine Coordinator and workforce on any environmental 
matters that may arise. 

• Audit contractors to confirm that they are suitably qualified in their line of work and have 
undertaken suitable environmental training to cover tasks to be undertaken. 

• Ensure suitable consideration is given to the period and frequency of environmental 
monitoring (particularly with respect to higher risk areas). 

• Inspect and audit the site / vessels / JUV on a regular basis to ensure effective 
implementation / operation of any environmental mitigation measures. 

• Ensure compliance with environmental requirements and address any shortfalls. 

• Provide inspection reports to the project management detailing any issues that must 
be addressed 

• Undertake investigations into environmental incidents or near misses to determine the 
root/direct cause and present the findings, recommendations and lessons learnt. 
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• Monitor hazardous observations and incidents trends in relation to environmental 
aspects and impacts and initiate actions as required to minimise the potential 
environmental impacts and reduce risk in a timely and effective manner. 

3.4.3 Marine Coordinator 

• Responsible for all construction operations Marine Coordination including site / vessel 
/ JUV HSE during construction operations. 

• Ensure that all contractors have received and understood the Site / Vessel / JUV 
Induction. 

• Undertake Toolbox Talks to promote effective environmental management and 
communicate associated lessons learnt. 

• Monitor and disseminate weather information and forecasts. 

• Production of marine safety alerts including issuing Notice to Mariners to agreed 
stakeholder list.  

• Responsible for collating, communicating and responding to statutory navigation 
notices. 

• Liaise with port authorities. 

• Implement / operate environmental mitigation measures as approved in the consent 
related documents at the site / vessel / JUV. 

• Coordinating, ensuring compliance for and recording all vessel / JUV movements and 
personnel movements offshore. 

• Emergency response coordination. 

• Produce daily reports and submit to the PC Project Manager, MeyGen Package 
Manager and ECoW. 

• Keep Transport Audit Sheets for all materials listed in the licence to be deposited as 
part of the works 

• Keep audit reports stating the nature and quantity of all substances and objects 
deposited below MHWS under the authority of the licence. 

 Contractors 

3.5.1 Vessel / JUV Master 

• Overriding authority and responsibility to make decisions with respect to safe 
navigation of the vessel / JUV and matters related to HSE. 

• Dedicated watch-keeper on board the vessel / JUV, or nominate suitable qualified 
deputy. 

• The persons present on board must adhere to the Vessel / JUV Master’s instructions. 

• Adhere to IMO International Regulations for the Prevention of Collisions at Sea.  

• Ensure that all contractors have received and understood the Vessel / JUV Induction. 
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3.5.2 All Other Staff 

• To understand and implement procedures relevant to their role as laid out.  

• To conduct their work with a view to eliminating/reducing the environmental impact of 
the Development and to raise any environmental concerns with Marine Coordinator or 
Project Manager. 

• To report all environmental incidents to the Marine Coordinator and Vessel / JUV 
Master as soon as possible. 

 Communication 

Environmental issues will be formally communicated through the arrangements on site as 
listed in Table 1. 

Meeting/briefing Frequency  Attendees 

Safety, Health, Environment, 

Security and Quality (SHESQ) 

and Progress Meeting 

Weekly See paragraph below 

Daily site team briefs Daily All work parties 

Risk Assessment/Method 

Statement briefings 

Each job task All members of the working 

party 

Toolbox Talks including 

environmental practices and 

mitigation measures 

Before mobilisation, or a 

minimum of one 

per week  

All site / vessel / JUV 

personnel 

Site / Vessel / JUV Induction 

 

On first attendance at 

site / vessel / JUV 

BEFORE any work is 

undertaken  

All persons attending site / 

vessel / JUV  

Table 1 Communication and Meetings 

3.6.1 SHESQ and Progress Meeting  

The PC shall convene weekly site / vessel / JUV meetings with all contractors on site / vessel 

/ JUV to communicate, discuss and consult any change in conditions, working practices and 

environmental arrangements, procedures and overall environmental performance. 

The ECoW and representatives from MeyGen and other interested Third Parties shall have an 

open invitation to attend these weekly site / vessel / JUV meetings. Each contractor on site / 

vessels / JUV shall nominate a person to attend these meetings with the appropriate authority 

to act on those contractors behalf.  SHESQ and Progress Meetings shall be augmented by 

additional meetings at intervals dictated by the requirements of the contract or at key stages 

of the works. 

Minutes of all such meetings shall be produced and held on file for record purposes, with 

copies supplied to each contractor on site / vessel / JUV, the CDM Co-ordinator and ECoW. 
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3.6.2 Extraordinary meetings 

Extraordinary meetings would be held in order to deal with special environmental issues that 

may arise during the Development such as environmental incidents. These meetings shall be 

organised by the HSE Advisor with the aim of ensuring a timely response and resolution to 

any identified issues. 

3.6.3 Daily site / vessel / JUV team meetings 

Daily site team meetings will take place at the Onshore / Offshore site between the PC and 

contractors. Any environmental concern shall be addressed at this meeting. 

3.6.4 Risk Assessment / Method Statement briefings 

These briefings will take place before each construction task and attended by all directly 

involved in the task. Environmental requirements and mitigation measures will be instructed 

and reviewed. 

3.6.5 Site / Vessel / JUV Inductions 

Inductions, conducted before anyone commences work on the project are utilised to raise 

awareness for personnel regarding site / vessel / JUV rules, emergency response procedures 

and environmental protection arrangements. The inductions include a test to confirm 

understanding. 

3.6.6 Site / vessel / JUV notice boards 

Site / vessel / JUV notice boards will contain relevant site / vessel / JUV information relating to 

Health, Safety and Environmental issues. The site / vessel will also have appropriate signage 

in place to highlight awareness of environmental hazards. Other communications media, such 

as newsletters and posters will also be posted on notice boards to communicate awareness 

of environmental matters. 

 Reporting 

The PC will communicate the following to the ECoW and contractors on site: 

• Details of audits and inspections; 

• Details and statistics for environmental incidents and near misses; 

• Details of any pending and actual enforcement action in respect of any environmental 

incidents; 

• Any other pertinent environmental issues identified;  

• Transport Audit Sheets (MEY-1A-40-HSE-004-D-TransportAuditSheet) (beginning of 

each month); and  

• Audit reports for the nature and quantity of all substances and objects deposited below 

MHWS (MEY-1A-70-HSE-005-D-DepositAuditSheet) (every 6 Months). 

• Marine Mammal reports (MEY-1A-70-TEM-009-MarineMammalReport) (daily during 

marine operations) 
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The PC will provide these in: 

• Daily logs and reports when construction activities are taking place on site / vessels / 

JUV; 

• Weekly progress reports; and 

• Monthly reports (additionally, confirming the status of the project, implementation of 

environmental commitments and mitigation measures, monthly and cumulative 

statistics, training delivered, environmental initiatives undertaken, amendments to the 

any of the consents related documents). 

3.7.1 External Communication 

The Marine Coordinator is responsible for: 

• Documenting, issuing, communicating and responding to statutory navigation notices 

for the Development; and 

• Emergency Response Co-operation Procedures are in place for such events. The 

communication and reporting protocols for such an event can be found in the 

Emergency Response Plan (see the NSP). 

 

The ECoW is responsible for: 

• Notification to the licensing authority detailed in the consent condition; 

• Reporting monthly to the licensing authority once works have commenced with: 

o Details of audits and inspections; 

o Details and statistics for environmental incidents and near misses; 

o Details of any pending and actual enforcement action in respect of any 
environmental incidents; 

o Any other pertinent environmental issues identified;  

o Any unexpected delays to construction should they be encountered; 

o Transport Audit Sheets; and  

o Audit reports for the nature and quantity of all substances and objects deposited 
below MHWS. 

• Meeting with the licensing authority and statutory agencies and the local community; 

and 

• Receiving, documenting and responding to any environmental communication from 

third parties. 

 Training 

The purpose of environmental training is to ensure that all site personnel have the knowledge 

to successfully implement the environmental requirements of the project. 

In order to ensure that the environmental mitigation measures are implemented on site / vessel 



 

 
 

         

Environmental Management Plan- HDD Marine Works Page 15 of 55 

 
RHK-1A-40-HSE-002-F-

EMPConstructionWorks_Rev 1 

 

/ JUV, the following environmental training Table 2 in will be required. 

Training Target Persons 

Induction (which will include environmental 

aspects such as environmental sensitivities 

and controls, pollution prevention, waste 

management and emergency preparedness 

and response).  

For Marine Mammals, this should include 

identification, behaviour and sensitive 

periods for known species and introduction 

to Scottish Marine Wildlife Watching Code. 

All persons attending site / vessel / JUV 

(site / vessel / JUV personnel, contractors 

on site / vessel / JUV, and visitors).  

Environmental Toolbox Talks 

Toolbox talks will be carried out at a 

minimum of one per week appropriate to 

the construction works being carried out on 

site / vessel / JUV at that time. 

 

All persons carrying out work on site / 

vessel / JUV (site / vessel / JUV personnel, 

contractors on site / vessel / JUV) shall 

attend. 

Environmental Bulletins / Legislation 

Briefings / Best Practice Briefings 

All persons carrying out work on site / 

vessel / JUV (site / vessel / JUV personnel, 

contractors on site / vessel / JUV) shall 

attend. 

Job specific training e.g. 

• IOSH Working with Environmental 

Responsibilities / IOSH Managing 

Environmental Responsibilities. 

• Use of Pollution Prevention Equipment. 

• Site Waste Management. 

As identified for personnel with 

environmental responsibilities 

Project specific information, including 

relevant elements of: 

• the EMP, CMS, NSP, VMP 

• Consent Conditions 

Briefed out and available for reference to all 

site / vessel / JUV staff. 

Table 2 Training 

Any person working on the site / vessel / JUV will be competent and trained sufficiently to 

undertake their work in a safe and efficient manner. Each Contractor will ensure that their 

personnel maintain the necessary level of competence for their work & will maintain the training 

records on site & make them available for review and audit. Records of training will be 

maintained and made available for inspection. 
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4 METHOD STATEMENT AND PROGRAMME  

The full Construction Works method and programme can be found in the Construction Method 

Statement (MEY-1A-40-HSE-004-D-CMSConstructionWorks).  

 Turbine Subsea Cable (TSC) Works Summary 

The installation process will pull 4 x TSC from offshore via the HDD ducts to onshore and then 

lay the TSC along to the seabed to the 4 x TSS locations. Full installation details can be found 

in the Construction Method Statement (MEY-1A-40-HSE-004-F-CMSConstructionWorks).   

The installation will use: 

• 1 Cable Laying Vessel (CLV); and 

• 1 multi-cat type vessel. 

The key elements of the TCS installation are: 

• Complete TSC route and TTG seabed survey using ROV / Drop-down camera from 

the multi-cat vessel prior to operations. 

• Divers from a multi-cat will remove the HDD exit cap, install a bellmouth to the HDD 

liner and a pull the winch wire through the HDD liner. 

• Mobilise the Cable Laying Vessel (CLV); 

• The TSC will be mobilised direct from the cable manufacturer (Hartlepool); 

• The CLV will transit to site, position and hold station to the north of HDD exit points. 

• The TSC will be paid out from the CLV, floated and directed by a multi-cat vessel 

towards the HDD exit point. 

• The TSC will be connected to the pre-installed winch wire in HDD bore.  

• An onshore winch will then begin to pull the TSC through the HDD bore as it is paid 

out from the CLV.  

• The Multi-cat will monitor progress and release the floats attached to the TSC.  

• When the TSC has reached the onshore site it will be temporarily secured. 

• The CLV will then begin to lay the TSC along the design route towards the TSS 

locations (Figure 2 and Error! Reference source not found.3).  

• TSC is set down near the Turbine Support Structure (TSS) and laid down with a 

temporary dead man anchor. 

• Cable stability measures will be marshalled from Scrabster Harbour, loaded onto a 

suitable DP vessel. 

• Cable stability measures will be overboarded from the DP vessel crane into position 

determined by previous analysis 

• Demobilise vessels 

• The process will be repeated for 4 x TSC. 
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 Turbine Support Structure (TSS) Works Summary 

The TSS Works includes the installation of the 4 x TSS and ballast blocks at their target 

locations. Full installation details can be found in the Construction Method Statement (MEY-

1A-40-HSE-004-F-CMSConstructionWorks).   

Two approaches are being considered for installation of the TSSs.  These include:  

• Installation Approach 1 (Jack-Up Vessel (JUV) and Dynamic Positioning (DP) vessel); 

and  

• Installation Approach 2 (DP Offshore Construction Vessel (OCV)).  

The key elements of the TSS installation process are: 

4.2.1 Installation Approach 1 – JUV and DP OCV  

• Mobilisation of JUV and DP vessel prepared with the necessary grillages and sea 

fastenings. 

• The 2 x TSS tripod will be loaded from Nigg Energy Park onto the JUV for transit to 

site.  Transit may be assisted by a tug with the JUV under tow between Nigg and the 

MeyGen site. 

• The JUV will prepare for the installation operation at a suitable off-site holding 

location identified during the pre-installation survey.   

• On arrival at the site, the JUV  waits for slack tide before moving into position over 

the TSS location.  

• The JUV will elevate to an operating height above the sea. 

• Lifting rigging incorporating hydraulic release shackles and monitoring equipment 

(sub-sea cameras and acoustic beacons) will be used to lift and locate the TSS on 

the seabed.   

• The sea fastenings would be released, the TSS weight taken by the JUV crane and 

moved overboard to wait for acceptable tidal flow conditions. The tidal rate would be 

closely monitored using live current data. As soon as the reducing tidal flow has 

reached the acceptable agreed rate, the lift would be lowered towards the seabed. 

• A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation 

of the TSS onto the seabed.  

• Following the installation of the TSS, a Platform Supply Vessel (PSV) would be used 

to bring 6 ballast blocks from Scrabster Harbour to the MeyGen site. 

• The PSV would be mobilised and prepared with suitable grillages for the carriage of 

the ballast blocks. 

• A shore crane would be used to load 6 ballast blocks onto the PSV for transport to the 

MeyGen site. 

• Upon completing the installation of the TSS, the PSV would be called alongside the 

JUV and while the PSV holds station on DP OCV, the JUV would lift a pair of ballast 

blocks from the PSV and install these blocks onto the TSS. 

• A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation of 

the ballast blocks on the TSS. 
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• This operation would be repeated three times. 

The JUV would then jack down and move to the next installation location before the operation 

is repeated. The entire process would then be repeated to install the remaining two TSSs. 

4.2.2 Installation Approach 2 – DP OCV 

• Mobilisation of the DP OCV prepared with the necessary grillages and sea fastenings 

to suit carriage of the TSS. 

• 2 x TSS are loaded directly from Nigg Energy Park onto DP OCV and transit to site.  

• The DP OCV will prepare for the installation operation off site at a suitable holding 

location identified during the pre-installation survey. 

• The DP OCV waits for slack tide before moving into position over a TSS location. 

• The DP OCV will hold position over the TSS location using DP.  

• A lift frame incorporating sub-sea cameras and acoustic beacons, will be used on the 

DP OCV along with traditional rigging. This would be attached to the TSS lifting 

points through the use of hydraulically actuated pins. 

• The sea fastenings would be released, the TSS weight taken by the vessels crane 

and moved overboard to wait for acceptable tidal flow conditions. The tidal rate would 

be closely monitored using live current data. As soon as the reducing tidal flow has 

reached the acceptable agreed rate, the lift would be lowered towards the seabed. 

• A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation 

of the TSS onto the seabed. 

• The DP OCV will prepare the next tripod lift at a suitable holding location whilst 

waiting for the next slack tide. 

• The DP OCV will complete the 2nd tripod lift using the same method. 

• Following the 2nd tripod installation a second DP OCV will install the ballast blocks 

collected from Scrabster Harbour. 

• This second vessel would be mobilised and prepared with suitable grillages for the 

carriage of the ballast blocks; 

• A vessels crane would be used to load 6 ballast blocks onto the Seafasteners for 

transport to the MeyGen site. 

• The DP OCV will sequentially install ballast blocks to the TSS.  One per slack tide 

window. The DP OCV will plan and prepare for each subsequent lift in between slack 

tides. 

• A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation 

of the ballast blocks on the TSS. 

• This sequence would be repeated for the second TSS installed in the previous 

activity. 

This sequence would then be repeated for the 3rd and 4th TSS and ballast blocks. 

 Tidal Turbine Generator (TTG) Works Summary 

Two types of TTG will be installed during Phase 1a, 1 x Atlantis TTG and 3 x Andritz 

Hammerfest TTG.  The installation methods are largely similar, with both involving positioning 
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the TTG on the TSS and connecting mechanical and electrical connectors, however, some 

differences exist, largely related to methods of electrical connection.  

As with the TSSs, two approaches for installation of the TTGs are being considered based on 

using either:  

• 1 DP Offshore Construction Vessel; or 

• 1 Jack-Up Vessel (JUV). 

4.3.1 Atlantis TTG installation 

The key elements of installation for the Atlantis Resources Limited (ARL) TTG are summarised 

below: 

• TTG and associated components and equipment are assembled at Nigg Energy Park. 
A DP OCV / JUV is prepared with the necessary grillages and sea-fastening. 

• TTG and equipment is loaded onto the DP OCV / JUV. 
• The DP OCV / JUV transits to site from port.  Transit of the JUV may be assisted by a 

tug with the JUV on tow between Nigg and the MeyGen site.  
• The DP OCV / JUV will prepared for the installation operations at a suitable off-site 

holding location identified during the pre-installation survey. 
• The DP OCV / JUV waits for slack tide before moving into position over the TSS 

location. 
• The DP OCV will hold position over the TSS / TTG location on DP.  
• The JUV will elevate to an operating height above the sea.    
• The end of TSC is retrieved from the seabed, and fixed to a back-pack cable 

management system. 
• The back-pack structure is installed onto the TSS using an ROV to monitor 

installation. 
• An active lift frame incorporating sub-sea cameras, acoustic beacons, gyros and 

inclinometers will be used for the TTG. This would be attached to the TTG lifting 

points through the use of hydraulically actuated pins. 

• When approaching the slack tide the turbine would be moved overboard to wait for 

acceptable tidal flow conditions. The tidal rate would be closely monitored using live 

current data. As soon as the reducing tidal flow has reached the acceptable agreed 

rate, the lift would be lowered towards the substructure. 

• The TTG connection will be monitored using the active lift frame, with small positional 

corrections being made by crane driver.  

• Once the TTG is positioned on the TSS, the lift frame would be remotely disengaged 

from the TTG lifting points and recovered to the surface.  

• Installing the TTG on the TSS the electrical connection in the back-pack is made. 

• The DP OCV / JUV would then move off site with the installation complete. 

A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation of the 

TSS onto the seabed and ensure the installation parameters are met. 

4.3.2 Andritz Hammerfest Hydro (AHH) TTG installation  

The key elements of installation for the Atlantis TTG are summarised below: 
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• TTG with TSC tail and equipment are assembled at Scrabster Harbour. 

• A DP OCV / JUV is prepared with the necessary grillages and sea-fastening. 

• TTG and equipment is loaded onto the DP OCV / JUV. 

• The DP OCV / JUV transits to site from port.  Transit of the JUV may be assisted by a 

tug with the JUV on tow between Nigg and the MeyGen site.  

• The DP OCV / JUV waits for slack tide before moving onto DP station at the TSS 

location. 

• The DP OCV will hold position over the TSS / TTG location on DP.  

• The JUV will elevate to an operating height above the sea.    

• The TSC is retrieved to the vessel / JUV deck and the TTG cable tail is connected to 

the TSC. 

• An active lift frame incorporating sub-sea cameras, acoustic beacons, gyros and 

inclinometers will be used for the TTG. This would be attached to the TTG lifting points 

through the use of hydraulically actuated pins. 

• When approaching the slack tide, the turbine would be moved overboard to wait for 

acceptable tidal flow conditions. The tidal rate would be closely monitored using live 

current data. As soon as the reducing tidal flow has reached the acceptable agreed 

rate, the lift would be lowered towards the substructure. 

• The TTG connection will be monitored using the active lift frame, with small positional 

corrections being made by crane driver.  

• The TTG and TSC tail are lowered simultaneously using a tandem lift operation. The 

TTG is installed on the TSS. 

• The end of TSC is retrieved from the seabed via an ROV.  

• Both TSC and TSC tail will be clamped on deck and a dry-mate jointing operation 

commences. 

• The connected TSC will then be laid back on the seabed 

• OCV / JUV is demobilised. 

• The operation will be repeated for 3 x Andritz Hammerfest TTG. 

 TSS / TTG locations  

The position / locations of the TTGs are shown in Table 3 and Figure 2.     

Error! 

Reference 

source not 

found. 

Model Eastings Northings 

1 AHH 1 491819.6  E 6502207.8 N 

2 AHH 2 491776.6  E 6502123.6 N 

3 AHH 3 492026.2 E 6502159.8 N 

4 ARL 1 492008.0  E 6502020.0 N 

Table 3 TTG locations – UTM30 / WGS84 
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Figure 2 TSC route and TTG positions 

 Programme  

The programme for TSS and TTG installation is presented in Figure 3 below.   

 

Figure 3 TSS and TTG installation programme  
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5 MARINE MAMMAL MANAGEMENT 

 Key sensitivities and associated legislation 

Chapter 11 of the Environmental Statement (ES), Marine Mammals, identifies harbour 

porpoise, grey seal and common seal as the key sensitivities during construction work. 

In Scotland cetaceans (whales and dolphins) and pinnipeds (seals) are protected under a wide 

range of national and international legislation.   

5.1.1 Habitats Directive  

All species of cetacean are European Protected Species (EPS) under Annex IV of the Habitats 

Directive (European Union (EU) Directive 92/43/EEC) because they are classified as being of 

conservation interest and protection is to maintain or restore favourable conservation status.   

Harbour porpoise Phocoena phocoena and bottlenose dolphin Tursiops truncatus along with 

grey seal Halichoerus grypus and harbour seal Phoca vitulina are listed as Annex II of the 

directive as species for which a network of Special Areas of Conservation (SACs) are to be 

designated.  

The Habitats Regulations 1994 (as amended in Scotland in 2004, 2007, 2008(a) and 2008(b)) 

implement the species protection requirements of the Habitats Directive in Scotland on land 

and inshore waters (0-12 nautical miles).  Part II of the Habitats Regulations outlines protection 

for SACs, designated for habitats listed under Annex I of the Habitats Directive or species 

listed under Annex II of the Habitats Directive. Part II of the Habitats Regulations details the 

protection given to EPS.  

A license is required if the risk of injury or disturbance to EPS is assessed as ‘likely’ under 

regulations 41(1)(a) and (b) in The Conservation of Habitats and Species Regulations and 

39(1)(a) and (b) in The Offshore Marine Conservation (Natural Habitats, &c.) Regulations 2007 

(amended in 2009 and 2010).  

5.1.2 Wildlife and Countryside Act and Nature Conservation (Scotland) Act 

The Wildlife and Countryside Act (1981) ratified the provisions of the Convention on the 

Conservation of Migratory Species (The Bonn Convention), which aims to conserve migratory 

species and their habitats.  Short-beaked common dolphin Delphinus delphis is afforded strict 

protection as an endangered migratory species, listed under Appendix 1 of the Convention. 

The Nature Conservation (Scotland) Act 2004 amends and improves the species protection 

provided by the Wildlife and Countryside Act 1981 to provide extension to existing protections 

for cetaceans from intentional disturbance to encompass protection from reckless disturbance 

as an offence.  

5.1.3 Marine (Scotland) Act 2010 

Under the Marine (Scotland) Act 2010 it is an offence to kill, injure or take a seal at any time 

of year except to alleviate suffering or where a licence has been issued to do so by the Scottish 

Government.  It is an offence to harass seals at haul-out sites which have been identified for 

protection under Section 117 of the Marine (Scotland) Act 2010.  Grey seal and harbour seal 
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are also listed on Annex V of the Habitats Directive, which requires their exploitation or removal 

from the wild to be subject to management measures. 

The closest seal haul-out sites are at Gills Bay and the island of Stroma (Figure ).  

5.1.4 Seal Pupping and Moulting Periods 

Grey seal breeding season is generally through October and November followed by a moulting 

period for January – March for females and March – May for males. 

Harbour seal pupping season is generally through June and July followed by moulting in July 

and August. 

During these periods seals are particularly sensitive to disturbance at their haul-out sites. 

 Mitigation and management commitments 

The EMP is produced in line with the Principal Contractors ISO 14001 Environmental 

Management System and other relevant consent commitments and conditions.  

Licence / Consent Legislation Granted 

Section 36 Consent Electricity Act 1989 09/10/2013 

Marine Licence (licence 

number 04577/14/0) 
Marine (Scotland) Act 2010 31/01/2014 

Decommissioning Programme Energy Act 2005 Submitted 

 

The key commitments and conditions in place for management of potential impacts on marine 

mammals from the MeyGen consents, licences and ES are detailed in Table 1 below. 

Section 36 (S36),  

Marine Licence (ML), or 

Environmental 

Statement (ES) 

Commitment 

Condition, or commitment 

 

s36 

 

 

The monitoring set out in the PEMP or, as the case may be, an amended PEMP, 
(which must be agreed by the Scottish Ministers, in consultation with SNH and 
any other ecological, or such other advisors as required at the discretion of the 
Scottish Ministers), must be implemented by the Company. The Company must 
submit written reports of such monitoring to the Scottish Ministers at timescales 
to be determined by the Advisory Group.  

In particular, the following aspects should be considered and advice provided 
regarding the monitoring of the following aspects: 
a) Hydro dynamics / benthic surveys, export cable route and turbine locations 
and modelling to validate EIA predictions; 
b) Collision / encounter interactions with the tidal turbines for diving birds, marine 
mammals and fish of conservation concern; 
c) Disturbance and displacement of birds, marine mammals and basking sharks 
during construction and operation. This must also link to the species protection 
plan for seals at haul outs; and 
d) Migratory salmonids 
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Section 36 (S36),  

Marine Licence (ML), or 

Environmental 

Statement (ES) 

Commitment 

Condition, or commitment 

 

Subject to any legal restrictions regarding the treatment of the information, the 
results must be made publicly available by the Scottish Ministers, or by such 
other party appointed at their discretion. 

ML 

 

 

3.2.1.7 Monitoring of marine mammals 
Prior to the commencement of the works the licensee must agree in writing the 
details of the appointment of a Marine Mammal Observer (MMO) with the 
licensing authority. The MMO must, as a minimum, maintain a record of any 
sightings of marine mammals and maintain a record of the action taken to avoid 
any disturbance being caused to marine mammals. The licensee must provide 
the licensing authority with the MMO’s records no later than six months following 
commencement of the works, and at six monthly intervals thereafter. 

ES 

 

 

The principles of the JNCC guidance on protection of marine European Protected 
Species (EPS) from injury and disturbance (JNCC, 2010) and of relevant 
guidelines on minimising the risk of injury to marine mammals will be adopted as 
necessary (for example, reducing the duration of noise emitting activities).   

ES 

 

 

MeyGen commit to undertaking frequent reviews of the literature regarding spiral 
injuries in seals and ducted propellers and to regularly discuss advances in 
understanding of this topic with relevant regulatory and advisory bodies.  MeyGen 
will apply appropriate mitigation, as deemed necessary in consultation with 
Marine Scotland and SNH, should vessels with ducted propellers be used, to 
avoid any significant impacts. 

ES 

 

 

All vessels associated with Project operations will comply with IMO/MCA codes 
for prevention of oil pollution and any vessels over 400 GT will have on board 
SOPEPs.  All vessels associated with Project operations will carry on board oil 
and chemical spill mop up kits.  Where possible vessels with a proven track 
record for operating in similar conditions will be employed.  Vessel activities 
associated with installation, operation, routine maintenance and 
decommissioning will occur in suitable conditions to reduce the chance of an oil 
spill resulting from the influence of unfavourable weather conditions. 

Table 1 Marine Mammal Commitments 
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 Construction Works 

Summaries of the Construction Works and programme are provided in Section 4 of this report, 

while a detailed Construction Method Statement (MEY-1A-40-HSE-F-004-

CMSConstructionWorks). 

Marine mammals are considered to be potentially sensitive to the following aspects of the 

proposed works: 

• Noise (vessel / JUV);  

• Disturbance (vessel / JUV presence and movement); 

• Ship strike and collision with ducted propeller; 

• Pollution and spillage 

5.3.1 Noise (vessel / JUV) 

As detailed in the ES the source levels for vessel noise are below those at which hearing 

damage might occur to either cetaceans or pinnipeds.  This is the case even when taking into 

account highly conservative criteria (being 193.7dB) (e.g. proposed by Lucke et al., 2009, for 

harbour porpoises and those put forward by the US NMFS, 1995).   The levels of noise are 

also significantly below those that might be expected to cause aversion in either cetaceans or 

pinnipeds. 

Because of the low levels of noise generated, mitigation measures (such as a Marine Mammal 

Mitigation Protocol), including the use of a dedicated Marine Mammal Observer or Passive 

Acoustic Monitoring to prevent injury to marine mammals through the establishment of an 

exclusion zone, are not appropriate and should not be required as part of this EMP. 

However, a number of measures are proposed to both encourage best practice and minimise 

any limited (although small) potential for disturbance.  These measures include: 

• The spatial separation of at least 300m of the Construction Works (HDD exit) from 

MLWS of the nearest known sensitive areas for seals, the designated haul out site at 

Gills Bay (Figure ), and see CMS;  

• During the cable laying works, when working at the HDD exit site (the closest point to 

the designated haul out site) the multi-cat will use an anchor spread to maintain the 

position on site, minimises propulsion use and vessel movement on site; 

• The CLV will hold station at least 50m away from the HDD exit when paying out the 

TSC to the HDD bore;   

• The TSS/TTG positions are 300m from any designated haul out sites; all DP OCV 

vessel / JUV operations will take place in the vicinity of these locations; 

• The proposed vessel / JUV transit routes from all ports to site ensure that the vessels 

/ JUV keep an adequate separation distance from any sensitive seal haul-out sites 

wherever possible, see VMP; 
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• Training of all on site / on vessel / JUV personnel regarding the importance and 

sensitivity of marine mammals and their legislative protection; 

• Provision of advice to staff detailing the types of activity potentially disturbing, and 

therefore to be avoided; and 

• Maintenance of a daily marine mammal log (Appendix A) by the Principal Contractor, 

into which any interaction will be noted.  It is important to make clear that such a log is 

likely to record many approaches by marine mammals to the vessels / JUV and 

personnel undertaking all Construction Works.  Marine mammals are intelligent and 

naturally curious about any in water construction works, regularly approaching vessels 

/ JUV engaged in Construction Works. 

Although some of the Construction Works will be carried out during sensitive periods for seals 

and also during periods where there will be greater abundance of cetaceans, it is considered 

that there is limited potential for disturbance offence from the construction works proposed.  

This is primarily due to the low levels of noise generated (gravity foundations – no drilling) and 

the short periods required on site for the Construction Works.   

For this reasons no requirement for a licence to disturb European Protected Species (in this 

case cetaceans) is anticipated. 

5.3.2 Physical Disturbance 

The presence of any vessel / JUV in the area has the potential to cause some degree of 

disturbance to both cetaceans and pinnipeds; however, the key receptor in terms of numbers 

and proximity of sites of interest will be seals.  This is considered in detail below.   

The proposed Construction Works have a number of characteristics that reduce their potential 

to disturb all marine mammals significantly.  In particular these are: 

• The spatial separation of at least 300m of the Construction Works (HDD exit) from 

MLWS of the nearest known sensitive areas for seals, the designated haul out site at 

Gills Bay (Figure 4), see CMS;  

• During the cable laying works, when working at the HDD exit site (the closest point to 

the designated haul out site) the multi-cat will use an anchor spread to maintain the 

position on site, minimises propulsion use and vessel movement on site. 

• The CLV will hold station at least 50m away from the HDD exit when paying out the 

TSC to the HDD bore.   

• The TSS/TTG positions are, at closest 300m from any designated haul out sites; and 

all DP OCV  / JUV operations will take place in the vicinity of these locations. When 

waiting for slack tide windows vessels / JUV will wait in areas where at least a 500m 

separation distance can be maintained from any sensitive seal haul-out sites. 

• The proposed vessel / JUV transit routes from all ports to site ensure that the vessels 

/ JUV keep an adequate separation distance from any sensitive seal haul-out sites 

wherever possible, see VMP; 

• The short duration of the use of vessels / JUV during Construction Works;  

• Work is anticipated to be as follows: 
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- TSC installation will be limited to a neap tide window, with the CLV requiring 

approximately 6 hours for each TSC installation (HDD pull and TSC seabed 

lay) running continuously through tides once the operation has commenced; 

- TSS installation will be limited to a neap tide window, with each lift requiring 

a slack tide. Each lift will take an estimated 1-2 hours with a minimum total 

time of 2 days to complete a TSS installation; and 

- TTG installation will be limited to one neap tide per TTG installation (4 neap 

tides in total). The ARL TTG installation and connection will take three slack 

tide to install. Each AHH TTG will take one slack tide to deploy and a 12-

hour period on station to make the TSC connection.  

• The majority of operations are limited to periods around slack water, with vessels 

moving off DP OCV to sheltered areas outside of operations. These areas will ensure 

a minimum 500m distance from the nearest seal haul-out; 

• Training of all on site / on vessel / JUV personnel regarding the importance and 

sensitivity of marine mammals and their legislative protection; 

• Provision of advice to staff detailing the types of activity potentially disturbing, and 

therefore to be avoided; and 

• Maintenance of a daily marine mammal log (Appendix A) by the Principal Contractor, 

into which any interaction will be noted.  It is important to make clear that such a log is 

likely to record many approaches by marine mammals to the vessels / JUV and 

personnel undertaking Construction Works.  Marine mammals are intelligent and 

naturally curious about any in water construction works, regularly approaching vessels 

/ JUV engaged in marine works. 
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Figure 4 Location of Construction Works in relation to designated seal haul out sites 

5.3.3 Ship strike and collision with ducted propeller 

Multicat type vessels (vessel specification can be found in the VMP) do not used ducted 

propellers and for some activities when on site will use a fixed seabed anchor system, as 

described in detail in the CMS.  This reduced the potential for both ship strike and propeller 

collision significantly, as vessel movement, and use of propeller position systems are both 

minimised. 

DP OCV will be used for the main activities for the TSC, TSS and TTG installation, which are 

likely to use ducted propeller systems to maintain position (typical vessel specification can be 

found in the VMP). JUVs (which may also be used as well as DP OCV during TSS installation) 

also have ducted propeller systems which are used to maintain position while the JUV is fixed 

into place using the jacking rig.    

While both cetaceans and pinniped are potentially exposed to risk of ship strike and propeller 

strike, there has previously been significant concern regarding the risk of corkscrew injuries to 

seals, initially attributed to some ducted propeller system such as a Kort nozzle or some types 

of Azimuth thrusters, commonly used by DP OCV. The proximity of the proposed Construction 

Works to areas of importance for seals (protected haul out sites at Gills Bay and Stroma), and 
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the numbers of individuals present meant that this was previously a key environmental 

concern.   

Since the submission of the ES there has been ongoing research into the issue of spiral injuries 

in seals which has confirmed that the characteristic wounds can be caused by a seal being 

drawn through ducted propeller system such as a Kort nozzle or some types of Azimuth 

thrusters (Thompson et al., 2010, Bexton et al., 2012; Onoufriou & Thompson, 2014).  To date 

the observed seal strandings appear to be restricted to juvenile grey seal and female harbour 

seal with seasonal differences evident between the species: grey seal newly weaned pups in 

the winter and common seal adults or pregnant females in the summer (Brownlow, 2013).   

In experimental studies (Onoufriou & Thompson, 2014) it has been shown that using a 

combination of propeller and seal sizes, smaller seals were more likely to show the 

characteristic spiral lacerations; while larger seal models often became stuck in the ducted 

propeller system.  The results of these trials and observed stranded seals suggested, at that 

time, that there were still a number of uncertainties as to the frequency of occurrence, and 

mechanisms for this type of injury.   

However, bases on the most recent known research (Thompson et al., 2015; van Neer et al., 

2015) there is now very strong evidence that predatory behaviour by grey seals, rather than 

ducted propeller injuries, is likely to be the main cause of spiral seal deaths.  Although this 

evidence does not completely eliminate ship propellers, it is now considered to be unlikely that 

they are a key factor. The SNCBs have now provided interim advice (JNCC, 2015) on this 

issue, an update to the earlier (April 2012) advice, in order to clarify the agreed 

recommendations to regulators and industry. 

This most recent advice suggests that, based on incontrovertible evidence, grey seal predation 

on weaned grey seal pups and young harbour seal can cause the characteristic spiral injuries 

that were the subject of preceding studies.  The advice states that  

‘it is considered very likely that the use of vessels with ducted propellers may not pose any 

increased risk to seals over and above normal shipping activities and therefore mitigation 

measures and monitoring may not be necessary in this regard, although all possible care 

should be taken in the vicinity of major seal breeding and  haul-out sites to avoid collisions’. 

This new advice provides a new perspective on the preceding Statutory Nature Conservation 

Agency (SNCA) Guidance (2012) on the potential risk of seal corkscrew injuries, which at that 

time suggested levels of risk and recommendations for mitigation.   

The Development is more than 60km from the nearest grey seal Special Area of Conservation 

(SAC, Faray and Holm of Faray), and harbour seal SAC (Sanday).  The presence of the Gills 

Bay and Stroma haul out sites relatively close to the development site, does suggest a need 

for careful management of works at the site, but no direct mitigation measures are advised 

(SNCA, 2012).   

In the light of the new, compelling scientific evidence and the revise SNCB advice, the risk of 

propeller collision impacts associated with the use of ducted propellers, by DP or other 

installation vessels (e.g. JUVs), during Construction Works is considered to be low risk. 
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As a consequence of the new SNCB advice, a dedicated Seal Corkscrew Injury Monitoring 

Scheme (SCIMS) following the SNCA (2012) guidance is not considered necessary for the 

Construction Works.   However, a number of measures are proposed by MeyGen to encourage 

best practice and minimise any potential (however small) risk of vessel collisions.  These 

measures include: 

• The spatial separation of at least 300m of the Construction Works (HDD exit) from 

MLWS of the nearest known sensitive areas for seals, the designated haul out site at 

Gills Bay (Figure ), see CMS;  

• During the cable laying works, when working at the HDD exit site (the closest point to 

the designated haul out site) the multi-cat will use an anchor spread to maintain the 

position on site, minimises propulsion use and vessel movement on site. 

• The CLV will hold station a minimum of 50m away from the HDD exit when paying out 

the TSC to the HDD bore.   

• The TSS/TTG positions are 300m from any designated haul out sites; all DP vessel / 

JUV operations will take place in the vicinity of these locations. When waiting for slack 

tide windows DP OCV / JUV will wait in areas where a 500m separation distance can 

be maintained from any sensitive seal haul-out sites. 

• The proposed vessel / JUV transit routes to all Construction Works ensure that the 

vessels keep an adequate separation distance from any sensitive seal haul-out sites 

wherever possible, see VMP. 

• Training of all on site / on vessel / JUV personnel regarding the importance and 

sensitivity of marine mammals and their legislative protection; 

• Provision of advice to staff detailing the types of activity potentially disturbing, and 

therefore to be avoided; and 

• Maintenance of a daily marine mammal log (Appendix A) by the Principal Contractor, 

into which any interaction will be noted.  It is important to make clear that such a log is 

likely to record many approaches by marine mammals to the vessels / JUV and 

personnel undertaking Construction Works.  Marine mammals are intelligent and 

naturally curious about any in water construction works, regularly approaching vessels 

/ /JUV engaged in Construction Works. 

5.3.4 Pollution and spillage 

The approach to this sensitivity is detailed in the Marine Pollution Contingency Plan (Section 

6).   

6 MARINE POLLUTION CONTINGENCY PLAN 

 Key sensitivities and associated legislation 

This section identifies the potential sources of pollution events and detail the measures to 

prevent and respond to such events should they occur.  Its objective is to minimise 

environmental impacts in response to an oil spill or pollution event associated with the project, 

as well as identifying potential risks to the environment, human health and wildlife.   
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The key sensitivities are: 

• Water quality; 

• Marine mammals; and 

• Benthic / intertidal ecology. 

This will also address emergency response, and will cross-reference to following documents: 

• Construction Method Statement (CMS); and 

• Navigational Safety Plan (NSP); 

It will also set out and define roles and responsibilities in the event of an Emergency Response 
Plan (ERP) being initiated. 

While there is no specific legislation or published guidance regarding accidental and non-

routine events associated with marine renewable energy developments,  the International 

Convention for the Prevention of Pollution from ships (MARPOL) covers pollution of the marine 

environment by ships from operational or accidental causes, with Regulation 37 of Annex I of 

MARPOL requires that all ships of 400 gross tonnage (GT) or more to have an approved 

Shipboard Oil Pollution Emergency Plan (SOPEP).   

 Mitigation and management commitments 

Section 36 (S36),  

Marine Licence (ML), 

or Environmental 

Statement (ES) 

Commitment 

Condition, or commitment 

ES 

Minimise as far as practicable the volume of drill cuttings released into the marine 

environment during breakthrough of Horizontal Direction Drill (HDD) bores, by 

implementing a closed loop recycling system to return drill cuttings and fluid from 

the HDD to shore. 

ES 

Vessels associated with all Project operations will comply with IMO/MCA codes for 

prevention of oil pollution and any vessels over 400 GT will have onboard 

SOPEPs. 

ES 
Vessels associated with all Project operations will carry onboard oil and chemical 

spill mop up kits. 

ES 
Where possible vessels with a proven track record for operating in similar 

conditions will be employed. 

ES 

Vessel activities associated with installation, operation, routine maintenance and 

decommissioning will occur in suitable conditions to reduce the chance of an oil 

spill resulting from the influence of unfavourable weather conditions. 

ES 
Only recognised marine standard fluids and substances will be used in the pin pile 

drilling equipment. 

ES 
Consideration will be given to CIRIA guidance on the use of concrete in maritime 

engineering – a good practice guide. 

ES Operations will only take place during suitable weather windows. 
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Section 36 (S36),  

Marine Licence (ML), 

or Environmental 

Statement (ES) 

Commitment 

Condition, or commitment 

ES 
A fibre optic cable will be used to monitor the level of cement, when the cement 

reaches seabed level pumping of cement will cease immediately. 

ES 

During cementing operations the cement will be separated from the open sea 

conductor casing which is only removed once the cement has reached sufficient 

strength to withstand current forces. 

ES 

In the event of any unplanned discharges to sea during HDD activities the drilling 

contractor would activate its emergency response plan to ensure discharges were 

minimised. 

ES 
Only recognised marine standard fluids and substances will be used in the turbine 

hydraulic systems. 

ES 
Hydraulic fluids will be mostly water based, biodegradable and be of low aquatic 

toxicity. 

ES 
Turbine sensors will detect loss of fluid pressure and leaks enabling maintenance 

operatives to reduce the risk of further leaks. 

S36 Condition 9 
“The Company must, prior to the Commencement of the Development, submit a 

CMS…Pollution prevention measures including contingency plans” 

ML Condition 3.1.4 

If by any reason of force majeure any substance or object is deposited other than 

at the site which is described in this licence, then the licensee must notify the 

licensing authority of the full details of the circumstances of the deposit within 48 

hours of the incident occurring (failing which as soon as reasonably practicable 

after that period of 48 hours has elapsed). Force majeure may be deemed to apply 

when, due to stress of weather or any other cause, the master of a vessel, vehicle 

or marine structure determines that it is necessary to deposit the substance or 

object other than at the specified site because the safety of human life or, as the 

case may be, the vessel, vehicle or marine structure is threatened.  Under Annex 

II, Article 7 of the Convention for the Protection of the Marine Environment of the 

North-east Atlantic, the licensing authority is obliged to immediately report force 

majeure incidents to the Convention Commission. 

ML Condition 3.1.8 

All chemicals utilised in the drilling operations for the works must be selected from 

the List of Notified Chemicals assessed for use by the offshore oil and gas industry 

under the Offshore Chemicals Regulations 2002 (this list can be 

viewed/downloaded at www.cefas.co.uk). In the event that any system other that a 

water-based mud is considered by the licensee for use in the drilling operation then 

the prior written approval of the licensing authority must be obtained before such 

use. The licensee must comply with the terms of the guidance as to the disposal of 

any material arising from that operation which will be given to the licensee by the 

licensing authority. 
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Section 36 (S36),  

Marine Licence (ML), 

or Environmental 

Statement (ES) 

Commitment 

Condition, or commitment 

The licensee must ensure that any chemical agents placed within the void of any of 

the turbine bases including biocides and corrosion inhibitors etc. are selected from 

the List of Notified Chemicals. The use of any chemical not contained within this list 

will require prior consent from the licensing authority. 

ML Condition 3.1.9 

The licensee must ensure that all reasonable, appropriate and practicable steps 

are taken at all times to minimise damage to the Scottish marine area caused by 

the licensed activity authorised under this licence. 

The licensee must ensure that any debris or waste materials placed below the 

MHWS during the construction and operation of the works are removed from the 

site, as soon as is reasonably practicable, for disposal at a location above the 

MHWS approved by the Scottish Environment Protection Agency. 

The licensee must ensure that all substances and objects deposited during the 

execution of the works are inert and do not contain toxic elements which may be 

harmful to the marine environment, the living resources which it supports or human 

health. 

The licensee must ensure that the risk of transferring invasive non-native species 

to and from the site is kept to a minimum by ensuring appropriate bio-fouling 

management practices are implemented during the works. 

Any drill cuttings associated with the use of water-based drilling muds situated 

within the outer boundary of the works need not be removed from the seabed 

ML Condition 3.2.1.3 

The licensee must, no later than three months prior to the commencement of the 

works, submit in writing to the licensing authority for their written approval, a Marine 

Pollution Contingency Plan (MPCP). 

The MPCP must make provision in respect of spills and collision incidents 

occurring during the construction and operation of the works and where such spills 

or collisions occur then the MPCP must be adhered to in full.  The MPCP must take 

into account existing plans for all operations, including offshore installations that 

may have an influence on the MPCP.  Practices used to refuel vessels at sea must 

conform to industry standards and to relevant legislation.  The MPCP must set out 

how any oil leaks within the turbine nacelle are to be remedied and that such 

relevant repairs are required to be undertaken without undue delay.  

Commencement of the works must not occur until the licensing authority has given 

its written approval to the MPCP. 

ML Condition 3.2.2.1 

The licensee must, on the first working day of the month, create, maintain and 

submit to the licensing authority a detailed transportation audit sheet for each 

month during which construction associated with the works takes place. The audit 

sheet must include information on the loading facility, vessels, equipment, 

shipment routes, schedules and all materials listed in the licence to be deposited 

(e.g. piles, pipelines, turbine components, chemicals).  Where, following the 

submission of an audit sheet to the licensing authority, any alteration is made to the 
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Section 36 (S36),  

Marine Licence (ML), 

or Environmental 

Statement (ES) 

Commitment 

Condition, or commitment 

component parts of the sheet the licensee must notify the licensing authority of the 

alteration as soon as practicable following the making of the alteration.  

If the licensee becomes aware of any materials on the audit sheet that are missing, 

or an accidental deposit, they shall contact the licensing authority as soon as 

practicable after becoming aware to advise the licensee on the appropriate 

remedial action. If the licensing authority is of the view that any accidental deposits 

associated with the construction works are present then the deposits must be 

removed by the licensee as soon as is practicable and at the licensee's expense. 

ML Condition 3.2.2.2 

In addition to the audit sheets required to be submitted to the licensing authority 

under condition 3.2.2.2, the licensee must, following the commencement of the 

works, submit audit reports to the licensing authority stating the nature and quantity 

of all substances and objects deposited below MHWS under the authority of the 

licence.  Such audit reports must be submitted by the licensee at six monthly 

intervals, with the first such report being required to be submitted on a date no later 

than six months following the commencement of the works. 

Table 2 Pollution Prevention Commitments 

 Communication - Key contacts 

Organisation Name Role Telephone Mobile 

MeyGen Ltd Ed Rollings ECoW +44 1316599662  

MeyGen Ltd Fraser Johnson Marine  Package 

Manager 

+441316599672 +  

Maritime and 

Coastguard 

Agency 

- Shetland Maritime 

Rescue Co-

ordination Centre 

+441595 692976 - 

Marine Scotland  Marine Scotland 

Duty Officer  

0300 244 4000 - 

SEPA Hotline - - 0800 80 70 60 - 

Health and Safety 

Executive 

- - Incidents are reported online at 

http://www.hse.gov.uk/riddor/report.htm  

Table 3 Pollution Prevention Key Contacts 

 Potential Identified Risks 

The following general mitigation measures will be implemented for all works, prior to the 

commencement of work:   

[Redacted]

[Redacted]
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• All staff will receive a site induction and tool box talk about the environmental site 

sensitivities and pollution prevention measures;   

• The content of the Marine Pollution Contingency Plan and their responsibilities will also 

be conveyed to ensure that the plan is implemented effectively, should the need arise;   

• Key operatives will be trained in the use of spill kits and clean up procedures in the 

event of an incident;  

• Inventories of all chemicals and materials stored on board and being used in the 

construction process will be taken as part of a chemical product and waste inventory.  

It is not anticipated that any materials posing a major health risk are to be used on site;   

• Pollution Prevention equipment will be recorded in an inventory;  

• The designated Mariner Co-ordinator will be responsible for taking and maintaining the 

inventory; and  

• All contractors will be expected to submit site specific risk assessments incorporating 

method statements for review and approval before works commence. 

6.4.1 Construction Vessels Operations and collision 

The NSP details the full navigation safety measures to be employed for the HDD Marine 

Works. There is limited potential for collision during these operations; however, the following 

measures will be implemented: 

• Issue of Notice to Mariners (NtM) stating HDD Marine Works details promulgated to 
national and local stakeholders; 

• Radio Navigation Warnings; 

• Temporary Chart Markings; 

• Vessel / JUV to show appropriate signals;  

• Temporary structures on site marked with buoys and appropriate lighting; 

6.4.2 Pollution Incidents 

Two types of potential pollution incident have been identified (as defined by the Maritime and 

Coastguard Agency – MCA): 

• Oil and chemical spills 

• Objects lost overboard 

Oil and chemical spill 

In the event of a spillage sighting originating from a vessel the following actions must be taken: 

• All spillage sightings must be reported to the Vessel / JUV Master immediately; 

• The vessel / JUV Master must notify the Marine Rescue Coordination Centre (MRCC) 
identifying the location and giving an initial indication of the size of the spill (based on 
the 3 Tier system –see below), source of the spillage if identifiable, and other 
information as applicable to complete a Pollution Incident Report Form; 

• MRCC will direct the onsite support vessel to the location; 
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• The onsite support vessel will confirm the spillage assessment based on the 3 Tier 
system and notify MRCC; 

• The onsite support vessel will commence clean up/containment operations as 
applicable; 

• MRCC will be responsible for completing the initial Pollution Incident Report Form 
which will be used to notify MCA, UKHO and other relevant authorities.  Subsequent 
reports will be submitted on a daily basis until the spillage incident is cleared. 

• The responsibility for elevating and incident classification from Tier 1 to Tier 2 lies with 
the MRCC; 

The three tier system (small, medium and major) is used to attribute a proportionate response 

to spill incidents.   

• Should a small scale spill occur (<1,000 litres) local, in house resources will be 

deployed in the clean-up.   

• For a medium sized spill (1,000-150,000 litres) external assistance and resources may 

be utilised.  

• For major spills (>150,000 litres) national level assistance and resources would be 

required in line with the National Contingency Plan, however, it should be noted that 

the scale of the works proposed for this project make a major spill unlikely.   

The potential for spills is most likely to stem from construction vessels (including JUVs) which 

are covered by the MARPOL Convention 1978, as is pollution stemming from the unintentional 

loss of objects overboard.  Each vessel / JUV will have its own Ship Oil Pollution Emergency 

Plan (SOPEP) approved by the MCA and refuelling at sea will be minimised and performed 

according to industry standards (there is no refuelling anticipated as part of the Construction 

Works). 

Objects Lost Overboard 

Should an unintentional loss of objects overboard from vessels / JUV occur, the GPS position 

of the objects lost will be logged.   

Objects which constitute a possible hazard to shipping will be immediately reported to the UK 

Hydrographic Office (UKHO) by the Vessel / JUV Master and all objects that require recovery 

will be relayed to the relevant Marine Rescue Coordination Centre.   

Transport Audit Sheets must be maintained and submitted in line with Marine Licence 

Condition 3.2.2.1. 

Recovery will take place as soon as practicable. 

 Emergency Response Procedure (ERP) 

If an emergency or pollution incident occurs the emphasis will shift to marine pollution control 

to minimise the discharge and to mitigate its effects.  This will require the provision of products, 

systems or services for controlling the clean-up and minimising marine pollution, e.g. oil 

absorbents and booms, pollution prevention training, monitoring and clean up services.  
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Additionally, natural or other events (e.g. “Acts of God”) such as wind/wave conditions, flooding 

etc. that could create an emergency situation that must be effectively managed to minimise 

pollution to air, water and land would also trigger the Emergency Response Procedure. 

The aims of this response procedure are: 

• Primarily to ensure personnel safety and integrity of the vessels / JUV involved; and 

• Secondly, to minimise potential environmental and socio-economic impacts, ensuring 
a fast recovery to affected resources.   

Where possible, existing environmental conditions will be used to complement any response 

taken as part of the pre-planned actions set out in this plan.  Any response would be tailored 

to the specific event encountered and while the broad plan sets out a range of capabilities and 

options, only those activities deemed appropriate to a particular situation will be employed. 

Upon discovery of an incident, the allocated Responsible Person (Marine Co-ordinator) would 

be informed who would then make a decision on whether to implement the Emergency 

Response Procedure based on the seriousness of the incident.  If the seriousness of the 

incident is in doubt, the plan will be implemented in full.   

Upon initiation of the ERP the following steps would be taken: 

• Stop work immediately. 

• Immediately inform: 

- Shetland Marine Rescue Coordination Centre on 01595 692 976; and 

- Marine Scotland (Marine Scotland Duty Officer) on 

• Assess the environmental and health and safety risks and issue appropriate PPE and 

safety equipment.to everyone on site 

• Evacuate the site of all personnel not involved in the incident response.  

• Review incident specific procedures for appropriate actions based upon specific of 

incident. 

• Delegate specific tasks to site personnel involved in incident response.   

• Contain the spillage if it is safe to do so, using appropriate spill kits or equipment. 

• The responsible person will inform the MRCC organisation and request their 

involvement 

• Direct emergency crews to the scene of the incident, and brief the emergency crews 

on actions taken up to their arrival, if applicable. 

• Dispose of any clothing or clean up equipment e.g. used spill kits and absorbent 

material contaminated by fuel, oil or chemicals to a licensed waste management 

facility. 

• Carry out investigation once the incident has been effectively contained and clean-up 

has been undertaken, to determine how and why the incident occurred.  

• Details of the incident will be recorded and reported to regulators. 

• Training and changes to working methods will be implemented in light of the incident 

investigation to ensure it does not happen again. 

[Redacted]
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 Incident Specific Responses 

6.6.1 Fuel/oil spills into the Pentland Firth 

The following procedures are proposed: 

• If a spillage occurs into the water environment, the safety boat will be immediately 

deployed. 

• All works in the area will cease immediately.   

• The flow of fuel/oil will be stemmed or stopped at the source, where possible.   

• The area surrounding the incident will be evacuated of all boats.   

• Depending on the level of spill (3 tier system) the appropriate level of response will be 

initiated.  

• If possible in a tidal environment, absorbent booms will be used to soak up fuel.   

• Any materials used in the spill clean-up will be disposed of to a licensed waste 

management facility once they are no longer required.   

• A report will be sent to regulator in all instances. 

 

For incidents that occur outside normal working hours, when there is work being carried out 

on the site, the incident response plan identified above will be implemented by the Responsible 

Person, or their delegate.   

6.6.2 Chemical release to water 

• Work will be stopped immediately. 

• The chemical will be identified and the COSHH sheet and inventory referred to for 

potential impacts.   

• The flow of chemicals will be stemmed.   

• The spill will be contained, where possible, and depending on the level of the release 

the appropriate organisations will be called immediately.  

• All contaminated material should be removed off site as soon as possible and disposed 

of to a licensed waste management facility. 

• A report will be sent to MCA and MS in all instances. 

For incidents that occur outside normal working hours, when there is work being carried out 

on the site, the incident response plan identified above will be implemented by the Responsible 

Person, or their delegate.   

 Incident Records 

Details of the incident and the measures that have been taken to deal with the incident will be 

recorded.  In the aftermath of any incident, Marine Scotland and MCA will be briefed and any 

third parties affected by the incident will also be included in discussions. 

6.7.1 Audits and Investigation 

In the event of an incident, a full investigation will be conducted by MeyGen, determining 
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causes and responsible parties, as well as assisting in the implementation of any further 

mitigation measures which can be implemented on site to ensure that no further incidents 

occur.  Findings of incident investigations will be made available to MS, SEPA, SNH and the 

MCA and the Health and Safety Executive as necessary. 

The investigation will identify why the incident occurred and how it happened.  The 

investigation will primarily identify how the spillage occurred, and ascertain whether it was a 

breach of control measures, poor management, inadequate control measures, or a result of 

forces outside of the contractor’s control.  The source of the spill will be identified, and 

interviews will be held with relevant plant operators, Site supervisors and sub contractor’s 

supervisors. 

All site control measures will be reviewed, including monitoring of fuel storage, COSSH 

assessments, daily plant inspection sheets, along with adequacy of spill kits, and oil booms. 

Training in the use of spill kits will be reviewed, along with site operative’s knowledge of 

emergency procedures.  Response and containment measures will also be reviewed. 

Preventative and reactive control measures will be thoroughly examined and compared with 

latest SEPA pollution prevention guidelines.  This Emergency Response Plan will also be 

subject to review, with any additional measures deemed necessary incorporated with 

immediate effect into the plan under consultation with the regulators. 

This investigation will be used to inform changes to site practice to ensure that it does not 

happen again.  Further training of all staff will be undertaken to ensure that they are all aware 

of what to do and what their roles are responsibilities are in relation to pollution prevention. 

7 INVASIVE NON-NATIVE SPECIES MANAGEMENT 

 Key sensitivities and associated legislation 

The potential for the introduction of non-native marine species is dependent upon the history 

and movement of the vessels / JUV and equipment used. 

There are two main potential routes for introduction of non-native species to the area around 

the project, by the Construction Works: 

• Introduction of ballast water and / or sediment, containing non-native species; and 

• Installation of structures, fouled with non-native species. 

The implications of an introduction of an invasive species can be catastrophic depending on 

the species and the ability of the species to out-compete the native species and to interrupt 

the natural ecosystem dynamics.  Within the UK, known effects are so far limited but have the 

potential to increase with increasing volumes of traffic.  There are already invasive species 

occurring in ports in the UK but few records of species reaching pest levels. Concerns arise 

around the increase in volume of shipping predicted globally which will also increase the risk 

of species invasions.  

The International Convention for the Control and Management of Ship’s Ballast Water and 



 

 
 

         

Environmental Management Plan- HDD Marine Works Page 40 of 55 

 
RHK-1A-40-HSE-002-F-

EMPConstructionWorks_Rev 1 

 

Sediments was adopted at the International Maritime Organisation in 2004, with the aim of 

reducing or eliminating the risk of transportation of invasive species around the world.  The 

Convention will enter into force 12 months after ratification by 30 States, representing 35 per 

cent of world merchant shipping tonnage. The current status of the Convention is that 40 

States have signed up which represents 30.25% of world tonnage (as of 28/07/14).  Therefore, 

although compliance is not legally required at this time UK vessels are being encouraged to 

comply. 

The Convention will require all ships to implement a Ballast Water and Sediment Management 

Plan. 

The potential for the introduction of non-native species at epibiota on the outside of structures 

is also significant and there are a number of examples of this form of transfer of non-native 

species from the UK and internationally.  A well reported UK example is the arrival of the 

invasive carpet sea squirt Didemnum vexillum in the UK and its subsequent transfer to a 

number of locations by vessel movement, 

 Mitigation and management commitments 

Section 36 (S36),  

Marine Licence (ML), or 

Environmental Statement (ES) 

Commitment 

Condition, or commitment 

ES 

 

All vessels involved in all stages of the project will adhere to all relevant 

guidance (including the IMO guidelines) regarding ballast water and transfer 

on non-native marine species 

ML Condition 3.1.9 The licensee must ensure that the risk of transferring invasive non-native 

species to and from the site is kept to a minimum by ensuring appropriate 

bio-fouling management practices are implemented during the works. 

Table 4 Non-native species commitments 

 Non-native management measures 

A risk assessment approach will be taken to management of the risk of introduction of non-

native species.   

A short non-native management report will be provided to Marine Scotland for each vessel 

arrival (including a JUV) on site and each phase of marine equipment / materials installation 

by MeyGen.  

Key information detailed in each report will be: 

• Source ports for vessel / JUV and ballast water uptake / or source of port for marine 

equipment / materials; 

• Nature and purpose of materials transferred from the port; 

• Amount of ballast water from each port; 
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• Amount of ballast to discharge; 

• Conditions at source ports (i.e. any algal blooms, dredging work ongoing, known non-

native species); 

• Details of treatment put in place for ballast water of materials / equipment; and 

• If ballast water exchange undertaken, details of where, how undertaken and volume of 

water exchanged. 

The non-native species management report will be completed by the Marine Co-ordinator and 

approved by the ECoW, before submission to the licensing authority. 

8 REPORTING PROTOCOL FOR THE DISCOVERY OF MARINE 

ARCHAEOLOGY 

 Key sensitivities and associated legislation 

Potential impacts to marine cultural heritage were assessed in Section 16 of the ES (Marine 

Cultural Heritage).  Mitigation measures to avoid or reduce potentially significant impacts to 

identified cultural heritage have resulted in a minor or negligible residual impact.  There is 

potential, however, for damage to marine cultural heritage material that has not yet been 

discovered. 

Geophysical survey data shows bedrock exposed on the seabed over most of the survey area 

with the exception of sand waves and gravel ridges to the SE and W of the Island of Stroma.  

This lack of sediment suggests low potential for the survival of in situ cultural material.   

However, the identification of anomalies of potential anthropogenic origin, and possible 

archaeological interest, within the geophysical survey data indicates that the presence of 

cultural material is possible.  Such material is most likely to be found within sediment traps that 

have formed within the many gullies and depressions that are prevalent across the site.  If 

present, such material may be subject to direct impact during construction, potentially resulting 

in damage to, or destruction of, material of archaeological interest. 

Historic Scotland carries the responsibilities of Scottish Ministers with regard to nationally 

important archaeological and built heritage matters (to the 12 nautical mile (nm) territorial limit) 

under the Marine (Scotland) Act 2010, complete with powers to create Marine Protected Areas 

(MPA) for cultural purposes.  This role supports the long term spatial strategy outlined in 

National Planning Framework for Scotland 2 (2009), which aims to conserve and enhance 

Scotland’s distinctive natural and cultural heritage, while Scottish Planning Policy 2010 sets 

out policy on how archaeological remains and discoveries should be handled.  

In April 2012, Historic Scotland published a strategy for the protection, management and 

promotion of marine heritage (2012-2015) setting out priorities for protecting, managing and 

promoting Scotland’s outstanding marine heritage under the Marine (Scotland) Act 2010. 
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 Mitigation and management commitments 

Section 36 (S36),  

Marine Licence (ML), or 

Environmental 

Statement (ES) 

Commitment 

Condition, or commitment 

 

ES 

 

The following mitigations are proposed if practicable for archaeological sites of 

moderate and major impact significance within 100m of the development. 

• Avoidance.     

• ROV survey of the geophysical anomalies by Remote Operated Vehicle 

(ROV) in an appropriate manner by specialists in marine archaeology so 

they can be positively identified. 

• Detailed wreck survey and salvage.  If the ROV survey reveals cultural 

heritage, plans/elevations will be made with a full photographic record 

prior to impact.  Wrecks should be recorded in an appropriate manner by 

specialists in marine archaeology.  Attempts will be made to retrieve and 

conserve representative examples of the fabric.  If the feature is of high 

archaeological potential the strategies below may be implemented.   

• Intrusive archaeological assessment.  This response will be implemented 

for all sites and wrecks with high archaeological potential and where there 

will be intrusive works.  Intrusive assessments would ground truth 

geophysical survey results and assess the nature, extent and 

preservation of identified remains.   

• Full archaeological excavation.  This level of mitigation may be deemed 

necessary as a result of evidence gathered by other levels and should be 

conducted by specialists in marine archaeology.  Provision should be 

made for the examination and possible conservation of any artefacts 

recovered.  Provision should be made for post-excavation work bringing 

the results together in a report of publication standard.   

ES 

 

Further documentary research and archiving.  This response includes further 

detailed examination of unusual archival sources that would not routinely be 

consulted.   

• No recommendations are made for anomalies of low potential.  This is 

due to them being interpreted as natural features.   

• A reporting protocol will be instigated for the accidental discovery of 

marine cultural material during development, maintenance and 

monitoring.   

• Avoidance.  Should cultural material be accidentally discovered, it is 

proposed that the site be avoided.   

ES 

 

If it is not practicable to avoid the material a detailed wreck survey will be 

undertaken.  If the ROV survey reveals cultural heritage, plans/elevations will be 

made with a full photographic record prior to impact.  Wrecks will be recorded in 

an appropriate manner by specialists in marine archaeology.  Attempts will be 
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Section 36 (S36),  

Marine Licence (ML), or 

Environmental 

Statement (ES) 

Commitment 

Condition, or commitment 

 

made to retrieve and conserve representative examples of the fabric.  If the feature 

is of high archaeological potential the strategies below may be implemented.   

ES Full archaeological excavation.  This level of mitigation may be deemed necessary 

as a result of evidence gathered by other levels and should be conducted by 

specialists in marine archaeology.  Provision should be made for the examination 

and possible conservation of any artefacts recovered.  Provision should be made 

for post-excavation work bringing the results together in a report of publication 

standard.   

ES Further documentary research and archiving.  This response includes further 

detailed examination of unusual archival sources that would not routinely be 

consulted.  

ES Avoid placing the turbines on the sandy substrate on the northeast corner of the 

proposed turbine deployment area. 

S36 Condition 16 The Company must, prior to the Commencement of the Development, submit a 

Reporting Protocol for the discovery of marine archaeology during construction, 

maintenance and monitoring, in writing, to the Scottish Ministers for their approval, 

in consultation with Historic Scotland. The Reporting Protocol must be 

implemented in full by the Company. 

Table 5 Marine Archaeology commitments 

 Reporting protocol 

In order to mitigate this potential impact, a reporting protocol will be implemented to address 

the accidental discovery of marine cultural material during development, maintenance and 

monitoring.  

The Offshore Renewables Protocol for Archaeological Discoveries (ORPAD) was 

implemented by The Crown Estate in 2010 (revised 2014) and is intended to satisfy any 

conditions that relate to reporting protocols included on consents administered by marine 

licensing authorities (The Crown Estate, 2014).  Administration of the protocol is funded by 

The Crown Estate and supported by an Implementation Service, provided by an archaeological 

contractor appointed by The Crown Estate, and an Awareness Programme to provide 

awareness training in the workplace. 

The Protocol addresses discoveries of archaeological interest made on the seabed, onboard 

vessels, in the inter-tidal zone or on land (The Crown Estate, 2014: 6).  Discoveries may 

comprise archaeological objects, sites or anomalies (visual or digital signatures that are 

indicative of a possible object or site) encountered during the course of development, 

maintenance and monitoring activities.  
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MeyGen will implement and adhere to the terms of the ORPAD as set out in Protocol for 

Archaeological Discoveries: Offshore Renewables Projects (The Crown Estate, 2014). 

In accordance with ORPAD, discoveries made by project staff will be reported to a Site 

Champion (Marine Co-ordinator) on the vessel / JUV or site who will then report to the ECoW, 

nominated by the developer to co-ordinate implementation of the Protocol.  The ECoW will 

report discoveries to the Implementation Service.  On receipt of advice from the 

Implementation Service, the ECoW will ensure the implementation of all recommended actions 

which may, for example, include conservation advice for finds, the establishment of a 

Temporary Exclusion Zone (TEZ), the institution of a watching brief or measures to further 

investigate a site or anomaly. 

 Reporting and Responsibilities 

The ECoW is: 

• Ed Rollings (Section 3 for contact details); 

The Nominated Contact will be responsible for:  

• Co-ordinating reports of discoveries from Principal Contractor and ensuring that 

appropriate ‘first aid for finds’ is carried out and that initial data is recorded; 

• Reporting discoveries to the Implementation Service at the earliest opportunity, and to 

other parties (e.g. the Receiver of Wreck) as required; 

• Communicating appropriate measures to site staff as advised by the Implementation 

Service; 

• Informing other teams engaged in potentially damaging activities in the area of the 

position of the discovery so that further impacts may be avoided; and 

• Ensuring that measures are implemented as appropriate. 

The Principal Contractor will be responsible for: 

• Implementing a TEZ where the location of the discovery is known; 

• Ensuring observation of the TEZ by all staff and contractors; 

• Compiling Preliminary Record sheets for discoveries; 

• Reporting discoveries to the Nominated Contact as soon as possible and 

• Arranging for any archaeological finds to be carefully contained and protected. 

All project staff will be responsible for: 

• Safeguarding finds: 

• Handling with care; 

• Leaving marine growth, rust, sediment or concretion intact; and 

• Undertaking appropriate first aid measures, such as immersing waterlogged 
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finds in seawater in a clean, covered container. 

• Undertaking initial recording: 

• Recording the positon of the discovery; 

• Photographing finds in the condition in which they were recovered; and 

• Labelling finds with a unique ID number as advised by the Implementation 

Service. 

• Reporting discoveries immediately to the Principal Contractor (via their supervisor if 

appropriate). 

The current provider of the Implementation Service is: 

• Wessex Archaeology Ltd: 

• Portway House. Old Sarum Park, Salisbury, Wiltshire, SP4 6EB.  

• protocol@wessexarch.co.uk 

• 01722 326 867 

MeyGen retains ultimate responsibility for the implementation of ORPAD and will ensure that 

all project staff, the Site Champion and the ECoW are aware of their roles and responsibilities 

under the terms of the Protocol.  Project staff will be made available briefed on the protocol in 

the site induction and tool-box talks. 

On reporting features of high archaeological importance, MeyGen will agree mitigation 

strategies with Marine Scotland.   

9 WASTE MANAGEMENT 

Principal Contractor Waste Management Plan can be found in Appendix B. 

10 LINKAGES WITH OTHER CONDITIONS 

The EMP is part of suite of consent related documents. Table 6 lists the documents and related 

conditions are relevant to the EMP. The Section 36 and Marine Licence can be found in 

Appendix C. 

Con Condition summary Document Responsible for 

Notification 

S36 9 - Construction Method Statement  

S36 10 ECoW N/A  

S36 11 - Environmental Management Plan  
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Con Condition summary Document Responsible for 

Notification 

S36 12 - Project Environmental Monitoring 

Programme 

 

S36 13 - Advisory Group  

S36 14 - Vessel Management Plan  

S36 15 - Operations and Maintenance Plan  

S36 16 Reporting Protocol for the 

Discovery of Marine 

Archaeology 

Environmental Management Plan  

S36 17 - Navigation Safety Plan  

ML 3.1.3 Notification of Vessels Construction Method Statement / Vessel 

Management Plan 

ECoW 

ML 

3.2.1.3 

Marine Pollution Contingency 

Plan 

Environmental Management Plan  

ML 

3.2.1.4 

Notification of 

Commencement 

Construction Method Statement ECoW 

ML 

3.2.1.5 

ECoW N/A  

ML 

3.2.1.6 

Promulgation of navigation 

warnings 

Navigation Safety Plan  

ML 

3.2.1.7 

Marine Mammal Observer Environmental Management Plan  

ML 

3.2.1.8 

Cable Installation Plan Construction Method Statement  

ML 

3.2.1.9 

Cable Protection Plan Construction Method Statement  

ML 

3.2.2.1 

Transport Audit Sheets Construction Method Statement ECoW 

ML 

3.2.2.2 

Notification of Deposits Construction Method Statement ECoW 
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Table 6 Linkages with other conditions 

11 EMP REVIEW AND CONSULTATION 

Under Condition 11 of the Section 36 the EMP will be reviewed and commented on by the 

licensing authority, SNH, and other such advisors that may be required at the discretion of the 

Scottish Ministers. The EMP must be approved by the licensing authority. 

The EMP will be submitted to the licensing authority for distribution to the stakeholders and for 

approval. 

Any changes the EMP deemed necessary (working methods or procedures) must be reviewed 

and approved by the ECoW, before it is submitted for approval to the licensing authority (Figure 

5). 

Version control will be conducted by the revision review block on the front page of the EMP. 

 

Figure 5 EMP Change Process 
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13 LIST OF ABBREVIATIONS 

Abbreviation  

ARL Atlantis Resources Limited  

AHH Andritz Hammerfest Hydro 

CDM Construction (Design and Management) Regulations 2007 

CLV  Cable Laying Vessel  

CMS Construction Method Statement 

COSHH Control of Substance Hazardous to Health 

DP OCV Dynamic Positioning Offshore Construction Vessel   

ECoW Ecological Clerk of Works 

EIA Environmental Impact Assessment 

EMP Environmental Management Plan 

ERCoP Emergency Response Co-operation Plan 

ERP Emergency Response Procedures 

EPS European Protected Species 

ES Environmental Statement 

HDD Horizontal Directional Drilling 

HSE Health, Safety and Environment 

IOSH Institute of Occupational Safety and Health 

JNCC Joint Nature Conservation Committee 

JUV Jack-Up Vessel 

NSP Navigation Safety Plan 

MCA Maritime and Coastguard Agency 
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MHWS Mean High Water Springs 

ML Marine Licence under the Marine (Sotland) Act 2010 

MLWS Mean Low Water Springs 

MMO Marine Mammal Observer 

PC Principal Contractor  

PEMP Project Environmental Monitoring Programme 

RAMS Risk Assessments and Method Statements  

SAC Special Area of Conservation 

SCIMS Seal Corkscrew Injury Monitoring Scheme 

SEIS Supplementary Environmental Information Statement  

SEPA Scottish Environment Protection Agency 

SHESQ Safety, Health, Environment, Security and Quality 

SNCA Statutory Nature Conservation Agency  

SNH Scottish Natural Heritage 

SPA Special Protected Area 

STCW International Convention on Standards of Training, Certification and 

Watchkeeping for Seafarers, 1978 

S36 Section 36 of the Electricity Act 1989 

TSC Turbine Submarine Cable 

TSS Turbine Support Structure 

TTG Tidal Turbine Generator 

VMP Vessel Management Plan 
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APPENDIX A: MARINE MAMMAL REPORTING LOG 
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APPENDIX B: WASTE MANAGEMENT PLAN (FSH-1A-40-HSE-004-D-

WASTEMANAGEMENTPLAN-MEYGEN.PDF) 
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APPENDIX D: SECTION 36 AND MARINE LICENCE 



 

 
 

         

Environmental Management Plan- HDD Marine Works Page 55 of 55 

 
RHK-1A-40-HSE-002-F-

EMPConstructionWorks_Rev 1 

 

 

 



 

Rev Prepared  Sign Off Checked  Sign Off Approved Sign Off Date of Issue Comments 

1 F. Johnson 

 

I. Sargent E. Rollings 

 

30/05/2015  

2 F. Johnson 

 

I. Sargent 

 

E. Rollings

 

29/07/2015 Consultation response from MCA 

3 S. Edwards    E. Rollings  20/05/2016  

 

 

Navigational Safety Plan: Construction Works Page 1 of 45 

MEY-1A-40-HSE-005-F-

NSPConstructionWorks_Rev 1 

 

 

 

 MeyGen Tidal Energy Project Phase 1 

Navigation Safety Plan: 

Construction Works 

 

 

 

 

 

 

 

 

 

 

 

 

This document contains proprietary information belonging to MeyGen Ltd. and/or affiliated 

companies and shall be used only for the purpose for which it was supplied.  It shall not be 

copied, reproduced, disclosed or otherwise used, nor shall such information be furnished in 

whole or in part to third parties, except in accordance with the terms of any agreement under 

which it was supplied or with the prior consent of MeyGen Ltd. and shall be returned upon 

request. 

Project Title/ Location  MeyGen Tidal Energy Project, Phase 1a. Inner Sound. 

Date: 20/05/2016 

[Redac
ted]
[Redact
ed]

[Redact
ed]
[Redact
ed]

[Redact
ed]
[Redact
ed]



 

 
 

        

Navigational Safety Plan: Construction Works Page 2 of 45 

  MEY-1A-40-HSE-005-F-

NSPConstructionWorks_Rev 1 

 

Table of Contents 

Executive Summary .............................................................................................................. 3 

1 Introduction ................................................................................................................ 4 

2 Scope of Navigational Safety Plan ............................................................................. 4 

3 Communication, roles and responsibilities ................................................................. 6 

4 Method Statement and Programme ......................................................................... 15 

5 Navigational Sensitivities and Other Users .............................................................. 21 

6 meygen ltd. commitments and Legislative Commitments ......................................... 25 

7 Navigational Safety Measures ................................................................................. 29 

8 Construction Safety Zones ....................................................................................... 29 

9 Notice (s) to Mariners and Radio Navigation Warnings ............................................ 31 

10 Anchoring Areas ...................................................................................................... 33 

11 Temporary Construction Lighting and Marking ......................................................... 33 

12 Emergency Response ............................................................................................. 35 

13 Buoyage .................................................................................................................. 37 

14 NSP Review and Consultation ................................................................................. 37 

15 References .............................................................................................................. 39 

16 List of Abbreviations ................................................................................................ 40 

Appendix A  - Example Notice to Mariners .......................................................................... 42 

 

 

 

 

 

 

 

 

 

 



 

 
 

        

Navigational Safety Plan: Construction Works Page 3 of 45 

  MEY-1A-40-HSE-005-F-

NSPConstructionWorks_Rev 1 

EXECUTIVE SUMMARY 

This Navigation Safety Plan (NSP) has been prepared by MeyGen Ltd to set out the proposed 

method for discharging Condition 17 of the Section 36 Consent for the Development. 

The purpose of the NSP is to ensure that the Developments marine activities are conducted 

in a safe manner considerate of consent conditions and industry best practice. The document 

will be periodically updated during the execution of the Development to provide detailed 

information relevant to the key activities to be undertaken through the construction and 

operational phases of the Development; 

I. Horizontal Directional Drilling Marine Works 

II. Construction Works 

III. Operations and Maintenance 

IV. Decommissioning 

Upon addition of above listed detailed information, the revised NSP will be reissued 3 months 

prior to the commencement of that phase of the Development. 

The marine works must, at all times, be constructed and operated in accordance with the 

approved NSP. The NSP includes information relating to following details: 

a) Navigational safety measures;  
b) Emergency Response Co-ordination Plan;  
c) Safety zones;  
d) Promulgation of information to mariners;  
e) Buoyage;  
f) Anchoring areas; and  
g) Lighting and marking of cable landfall site(s).  

The NSP presented within this document is considered sufficient to satisfy Condition 17 and 

enable the construction and operation of the Development to progress, subject to the NSP 

being implemented. 

The NSP will be presented to the Scottish Ministers, the MCA, NLB and any other navigational 

advisors or other advisors as may be required at the discretion of the Scottish Ministers. 

THIS DOCUMENT ONLY CONSIDERS THE CONSTRUCTION WORKS. A NSP FOR THE 

HDD MARINE WORKS HAS BEEN APPROVED BY SCOTTISH MINISTERS (MEY-1A-40-

HSE-002-NAVIGATIONSAFETYPLANHDD), FURTHER NSPs FOR, OPERATIONS AND 

MAINTENANCE AND DECOMMISSIONING WILL BE SUBMITTED FOR CONSULTATION 

AND APPROVAL PRIOR TO THAT PHASE COMMENCING. 
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1 INTRODUCTION 

The MeyGen Tidal Energy Project Phase 1 (“the Development”) received consent under 

Section 36 of the Electricity Act 1989 from the Scottish Ministers 9th October 2013 (“the S.36 

Consent”). This Navigation Safety Plan (NSP) is prepared to enable Condition 17 of the S.36 

Consent (“the Condition”) to be discharged. Condition 17 states: 

The Company must, prior to the Commencement of the Development, submit a 

Navigational Safety Plan, in writing, to the Scottish Ministers for their written 

approval, in consultation with the Maritime and Coastguard Agency, the Northern 

Lighthouse Board, the Chamber of Shipping and any other navigational advisors, or 

such other advisors, as may be required at the discretion of the Scottish Ministers. 

The Navigational Safety Plan must include, but is not limited to, the following issues: 

(a) Navigational safety measures; 

(b) Emergency Response and Co-ordination Plan; 

(c) Safety zones; 

(d) Promulgation of information to mariners; 

(e) Buoyage; 

(f) Anchoring areas; and 

(g) Lighting and marking of cable landfall site(s). 

The Development must be constructed and operated in accordance with the 

Navigational Safety Plan at all times. 

Reason: In the interests of safe navigation. 

This document sets out the proposed NSP that MeyGen Ltd intends to undertake, to allow the 

Condition to be discharged.  

2 SCOPE OF NAVIGATIONAL SAFETY PLAN  

Phase 1a of the Development is a 6MW, 4 tidal turbines initial phase to be installed and 

operated under the restriction placed on the Development by Condition 2 of the S.36 Consent. 

This document, as agreed with the licensing authority, updates the original Navigational Safety 

Plan (MEY-1A-40-HSE-005-F-NSPConstructionWorks) submitted 29/07/2015, to include 

reference to using a Jack-Up Vessel (JUV) as well as, or instead of, a Dynamic Positioning 

Offshore Construction Vessel (DP OCV) during installation of the Turbine Support Structures 

(TSS) and Tidal Turbine Generators (TTGs).   

Although the Turbine Subsea Cables (TSC) have now been installed (August 2015), to ensure 

consistency with the original NSP, reference to the TSCs is still included in this document as 

part of the overall ‘Construction Works’ for the Phase 1a infrastructure.  The Construction 

Works also include 4 x Tidal Turbine Generators (TTG) and 4 x Gravity-base Turbine Support 

Structures (TSS).     
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MeyGen has produced a NSP for the HDD Marine Works (MEY-1A-40-HSE-002-F-

NavigationSafetyPlanHDDWorks), which was consulted on and approved by Scottish 

Ministers. 

The NSP will apply to the Construction Works and vessels / JUV transiting between the site 

and associated ports.  

The NSP forms part of a suite of documents related to the consent conditions that MeyGen 

Ltd. seek to discharge:  

• Environmental Management Plan (EMP) (S.36 Consent, Condition 11) including 

Marine Pollution Contingency Plan (Marine Licence, Condition 3.2.13), Reporting 

Protocol for the Discovery of Marine Archaeology (S.36 Consent, Condition 16);  

• Construction Method Statement) (S.36 Consent, Condition 9); and 

• Vessel Management Plan (VMP) (S.36 Consent, Condition 14). 

The purpose of the NSP is: 

• To mitigate the navigational risk to the Development and other legitimate users of the 

sea.  

The scope of the NSP will include as a minimum: 

• Commercial shipping operations and marine services; 

• Commercial Fisheries; and  

• Marine leisure and sports activities;  

The NSP has been developed in consideration of the MGN 371 (M+F) Offshore Renewable 

Energy Installations Guidance on UK Navigational Practice, Safety and Emergency Response 

Issues and is in accordance with the Environmental Statement (ES) and the Supplementary 

Environmental Information Statement (SEIS).  

It is intended that this NSP will be regularly reviewed throughout the planning and development 

of specific marine activities and revisions approved by the Scottish Ministers in accordance 

with the Condition.  

The document contains the following sections: 

• Communications, Role and Responsibilities; 

• Method Statement and Programme; 

• Navigational Sensitivities (other users); 

• MeyGen Ltd. Commitments & Legislative Commitments; 

• Navigational Safety Measures; 

• Construction Safety Zones;  

• Notice(s) to Mariners and Radio Navigation Warning; 
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• Anchoring Areas; 

• Temporary Construction Lighting and Marking; 

• Emergency Response; 

• Buoyage;    

• NSP Review and Consultation; and 

• References. 

3 COMMUNICATION, ROLES AND RESPONSIBILITIES 

This section details the Development team roles, responsibilities and lines of communication 

during the construction and operation of the Development. 

3.1 Responsibilities and Ownership 

The Principal Contractor (PC) will have the delegated responsibility for ensuring the 

implementation of the NSP.  

The Ecological Clerk of Works (ECoW) will provide quality assurance and approval of any 

version of the NSP. 

Any updates to the NSP by the PC will require the ECoW to check compliance with current 

legislation, consent conditions and related documents. Updated NSP will then be submitted to 

Scottish Ministers for approval. 

3.2 Organisational Chart 

The organisational chart for the Construction Works is below in Figure 1. This includes how 

communication as part of the NSP will be conducted in normal working procedures and in the 

case of emergencies. 

The organisation chart presents the key interfaces, lines of communication and responsibilities 

with regards to the flow of requirements and provision of mitigating actions across the 

Construction Works.  

Details of contacts relevant to the delivery of this plan are included in the Construction Phase 

Emergency Response Cooperation Plan (CPERCoP) and the Construction Phase Health and 

Safety Plan (CPH&SP).  
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Figure 1 – Key interfaces and organisation chart 
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3.3 MeyGen - Ecological Clerk of Works 

• Review and approve all consent related documents (S36 Condition 10). 

• Review / comment on content of Site Inductions and Toolbox Talks. 

• Review / comment on Risk Assessments and Method Statements (RAMS) as and 

where necessary with respect to environmental impacts and controls. 

• Inspect the site / vessel / JUV on a regular basis to ensure effective 

implementation/operation of all environmental mitigation measures. 

• Audit PC procedures, inspections, investigation and reporting.  

• Ensure compliance with approve consent related documents, environmental legislation 

and requirements and address any shortfalls with the PC (S36 Condition 10). 

• Review environmental incidents / near misses and PC investigations 

• Report compliance and incidents to the licensing authority and other necessary 

regulatory authorities. 

• Notify the licensing authority of vessel / JUV details (ML Condition 3.1.3) 

• Notify the licensing authority of the commencement date (ML Condition 3.2.1.4) 

• Provide Transport Audit Sheets for works to the licensing authority (ML Condition 

3.2.2.1) 

• Notify the licensing authority of deposits by MHWS (ML Condition 3.2.2.2) 

• Ensuring any protected species licenses are in place for the Development (S36 

Condition 10) 

3.4 Principal Contractor 

3.4.1 Project Manager  

• Facilitate dissemination of specific navigational requirements to the project team.  

• Oversee the implementation and review of navigational procedures throughout the 

project.  

• Review and approve all consent related documents, including, but exhaustive, CMS, 

VMP and NSP. 

• Monitor the navigational performance of the project through maintaining an overview 

of incidents, inspections and audits. 

• Ensure that navigational considerations form an integral part of Design and 

Implementation of the Works and to include marine reviews as part of regular project 

meetings.  

• Review and approve Risk Assessments and Method Statements (RAMS) as and 

where necessary with respect to navigational impacts and mitigation. 

• Ensure that all navigational incidents are reported to the ECoW and MeyGen in 
accordance detailed reporting requirements and the respective regulatory bodies 
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(where required) as soon as possible. 

• Review navigational matters with the ECoW and MeyGen and respective regulatory 
bodies on a regular basis and as per project requirements. 

• Ensure that arrangements for liaison with Development respective regulatory bodies 
on all navigational issues is appropriate and maintained. 

• Implement and maintain a project communications strategy to manage project public 
relations and complaints. 

• Produce weekly and monthly reports and submit to MeyGen Package Manager and 

ECoW. 

• Ensure contractors are approved, operates a Safety Management System, confirm 

that they are suitably qualified in their line of work and have undertaken suitable 

environmental training to cover tasks to be undertaken. 

3.4.2 HSE Advisor 

The HSE Advisor is nominated by the Principal Contractor.  Key roles and responsibilities of 
the HSE Advisor include, but are not limited to the following: 

• Verify compliance with relevant legislation.  

• Prepare, implement, review and update consent related documents (in conjunction 

with the Project Management Team) in accordance with consent condition, Principal 

Contractor procedures and current legislation. 

• Advise the project team on environmental related decision making 

• Review Risk Assessments and Method Statements (RAMS) as and where necessary 

with respect to navigational impacts and mitigation. 

• Approve Toolbox Talks and Site / Vessel / JUV Inductions and ensure content 

promotes effective marine operational management, specific works and site / vessel / 

JUV sensitivities and communicate associated lessons learnt. 

• Provide support to the Marine Coordinator and workforce on any environmental 

matters that may arise. 

• Audit contractors to confirm that they are suitably qualified in their line of work and 

have undertaken suitable environmental training to cover tasks to be undertaken. 

• Ensure suitable consideration is given to the period and frequency of environmental 

monitoring (particularly with respect to higher risk areas). 

• Inspect and audit the site / vessels / JUV on a regular basis to ensure effective 

implementation / operation of any environmental mitigation measures. 

• Ensure compliance with environmental requirements and address any shortfalls. 

• Provide inspection reports to the project management detailing any issues that must 

be addressed 

• Obtain specialist marine expertise to assist in any of the above tasks as required. 



 

 
 

        

Navigational Safety Plan: Construction Works Page 10 of 45 

  MEY-1A-40-HSE-005-F-

NSPConstructionWorks_Rev 1 

• Undertake investigations into environmental incidents or near misses to determine the 

root/direct cause and present the findings, recommendations and lessons learnt. 

• Monitor hazardous observations and incidents trends in relation to environmental 

aspects and impacts and initiate actions as required to minimise the potential 

environmental impacts and reduce risk in a timely and effective manner. 

3.4.3 Marine Coordinator 

• Responsible for all construction operations Marine Coordination including site / vessel 

/ JUV HSE during construction operations. 

• Ensure that all contractors have received and understood the Site / Vessel / JUV 

Induction. 

• Undertake Toolbox Talks to promote effective environmental management and 

communicate associated lessons learnt. 

• Monitor and disseminate weather information and forecasts 

• Production of marine safety alerts including issuing Notice to Mariners to agreed 
stakeholder list.  

• Responsible for collating, communicating and responding to statutory navigation 
notices. 

• Liaise with port authorities. 

• Implement / operate environmental mitigation measures as approved in the consent 
related documents at the site / vessel / JUV. 

• Coordinating, ensuring compliance for and recording all vessel / JUV movements and 
personnel movements offshore. 

• Emergency response coordination. 

• Produce daily reports and submit to the PC Project Manager, MeyGen Package 

Manager and ECoW. 

• Keep Transport Audit Sheets for all materials listed in the licence to be deposited as 

part of the works 

• Keep audit reports stating the nature and quantity of all substances and objects 

deposited below MHWS under the authority of the licence. 

3.5 Contractors 

3.5.1 Vessel / JUV Master 

• Overriding authority and responsibility to make decisions with respect to safe 
navigation of the vessel/ JUV and matters related to HSE. 

• Dedicated watch-keeper on board the vessel / JUV, or nominate suitable qualified 
deputy. 

• The persons present on board must adhere to the Vessel / JUV Master’s instructions. 
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• Adhere to IMO International Regulations for the Prevention of Collisions at Sea, UK 
Merchant Shipping legislation (including ensuring appropriately trained and qualified 
crew and personnel on board) and other primary marine legislation or codes applicable 
to the vessel’s / JUV size.  

• Adhere to vessel / JUV owner’s (or managers), charterer and clients standing 
navigational orders and operational guidelines subject to the overall safety of the 
vessel / JUV. 

• Ensure that all contractors have received and understood the vessel / JUV induction 
including abandonment. 

3.5.2 All Other Staff 

• To understand and implement procedures relevant to their role as laid out.  

• To conduct their work with a view to eliminating/reducing the environmental impact of 
the Development and to raise any environmental concerns with Marine Coordinator or 
Project Manager. 

• Operate in a safe and efficient manner and “stop the job” if the potential for an unsafe 
act is developing. 

• To report all environmental incidents to the Marine Coordinator and Vessel / JUV 
Master as soon as possible. 

3.6 Communication 

Environmental issues will be formally communicated through the arrangements on site / vessel 
/ JUV in Table 1. 

Meeting/briefing Frequency  Attendees 

Safety, Health, Environment, 

Security and Quality (SHESQ) 

and Progress Meeting 

Weekly See paragraph below 

Daily site team briefs Daily All work parties 

Risk Assessment/Method 

Statement briefings 

Each job task All members of the working 

party 

Toolbox Talks including 

environmental practices and 

mitigation measures 

Before mobilisation, or a 

minimum of one 

per week  

All site / vessel / JUV 

personnel 

Pre commencement navigational 

meeting 

Once before task 

commences 

Vessel / JUV Master, 

Marine co-ordinator, 

Harbour Master. 

Site / Vessel / JUV Induction 

 

On first attendance at 

site / vessel / JUV 

BEFORE any work is 

undertaken  

All persons attending site / 

vessel / JUV 

Passage Planning Meeting Prior to each departure Master, Bridge Team 

Table 1 Communication and Meetings 
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3.6.1 SHESQ and Progress Meeting  

The PC shall convene weekly site / vessel / JUV meetings with all contractors on site / vessel 

/ JUV to communicate, discuss and consult any change in conditions, working practices and 

environmental arrangements, procedures and overall SHESQ performance. 

The ECoW and representatives from MeyGen and other interested Third Parties shall have 

an open invitation to attend these weekly site / vessel / JUV meetings. Each contractor on site 

/ vessel / JUV shall nominate a person to attend these meetings with the appropriate authority 

to act on those contractors behalf.  SHESQ and Progress Meetings shall be augmented by 

additional meetings at intervals dictated by the requirements of the contract or at key stages 

of the works. 

Minutes of all such meetings shall be produced and held on file for record purposes, with 

copies supplied to each contractor on site / vessel / JUV, the CDM Co-ordinator and ECoW. 

3.6.2 Extraordinary meetings 

Extraordinary meetings would be held in order to deal with special navigational issues that 

may arise during the Development such as navigational incidents. These meetings shall be 

organised by the HSE Advisor with the aim of ensuring a timely response and resolution to 

any identified issues. 

3.6.3 Daily site / vessel / JUV team meetings 

Daily site team meetings will take place at the Onshore / Offshore site between the PC and 

contractors. Any navigational concern shall be addressed at this meeting. 

3.6.4 Risk Assessment / Method Statement briefings 

These briefings will take place before each construction task and attended by all directly 
involved in the task. Operational requirements and mitigation measures will be instructed and 
reviewed. 

3.6.5 Site / Vessel / JUV Inductions 

Inductions, conducted before anyone commences work on the project are utilised to raise 
awareness for personnel regarding site / vessel / JUV rules, emergency response procedures 
and if applicable navigational protection arrangements. The inductions include a test to confirm 
understanding. 

3.6.6 Site / vessel / JUV notice boards 

Site / vessel /JUV notice boards will contain relevant site / vessel / JUV information relating to 
Health, Safety and Environmental issues. The site / vessel / JUV will also have appropriate 
signage in place to highlight awareness of environmental hazards. Other communications 
media, such as newsletters and posters will also be posted on notice boards to communicate 
awareness of environmental / navigational matters. 

3.7 Reporting 

The PC will communicate the following to the ECoW and contractors on site / vessel / JUV: 
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• Details of audits and inspections; 

• Details and statistics for navigational incidents and near misses; 

• Details of any pending and actual enforcement action in respect of any marine related 

incidents; 

• Any other pertinent issues identified;  

• Transport Audit Sheets (MEY-1A-40-HSE-004-D-TransportAuditSheet) (beginning of 

each month);  

• Audit reports for the nature and quantity of all substances and objects deposited below 

MHWS (MEY-1A-70-HSE-005-D-DepositAuditSheet) (every 6 Months); and 

• Marine Mammal reports (MEY-1A-70-TEM_009-MarineMammalReport) (daily during 

marine operations). 

 

The PC will provide these in: 

• Daily logs and reports when construction activities are taking place on site / vessels / 

JUV; 

• Weekly progress reports; and 

• Monthly reports (additionally, confirming the status of the project, implementation of 

navigational / environmental commitments and mitigation measures, monthly and 

cumulative statistics, training delivered, environmental initiatives undertaken, 

amendments to the any of the consents related documents). 

3.7.1 External Communication 

The Marine Coordinator is responsible for: 

• Documenting, issuing, communicating and responding to statutory navigation notices 

for the Development; and 

• Emergency Response Co-operation Procedures are in place for such events. The 

communication and reporting protocols for such an event can be found in the 

Emergency Response Co-operation Plan (Section 12). 

 

The ECoW is responsible for: 

• Notification to the licensing authority detailed in the consent condition; 

• Reporting monthly to the licensing authority once works have commenced with: 

o Details of audits and inspections; 

o Details and statistics for incidents and near misses; 

o Details of any pending and actual enforcement action in respect of any 
incidents; 

o Any other pertinent issues identified;  

o Transport Audit Sheets; and  

o Audit reports for the nature and quantity of all substances and objects 
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deposited below MHWS. 

• Meeting with the licensing authority and statutory agencies and the local community; 

and 

• Receiving, documenting and responding to any environmental communication from 

third parties.  

3.8 Training 

The purpose of marine training is to ensure that all site personnel have the knowledge to 

successfully implement the requirements of the project and remain safe on any marine asset. 

In order to ensure that the environmental mitigation measures are implemented on site, the 
following environmental training Table 2 in will be required. 

Training Target Persons 

Vessel / JUV Safety Induction covering 

emergency procedures, action in event of 

man overboard, fire and abandonment 

procedures. 

Personnel working aboard any marine asset 

Induction (which will include and 

environmental aspects (environmental 

sensitivities and controls, pollution 

prevention, waste management, emergency 

preparedness and response and shipboard 

operations under STCW requirements) 

All persons attending site / vessel / JUV (site 

/ vessel / JUV personnel, contractors on site 

/ vessel / JUV, and visitors) 

Toolbox Talks Toolbox talks will be carried out prior to 

undertaking any activity. 

All persons carrying out work on site (site 

personnel, contractors on site) shall attend 

Environmental Bulletins / Legislation 

Briefings / Best Practice Briefings 

All persons carrying out work on site / 

vessel / JUV (site / vessel / JUV personnel, 

contractors on site / vessel / JUV) shall 

attend. 

Job specific training e.g. 

• IOSH Working with Environmental 

Responsibilities / IOSH Managing 

Environmental Responsibilities. 

• Use of Pollution Prevention Equipment. 

• Site Waste Management. 

As identified for personnel with 

environmental responsibilities 

Project specific information, including 

relevant elements of: 

• the EMP, CMS, NSP, VMP 

• Consent Conditions 

Briefed out and available for reference to all 

site / vessel / JUV staff. 

Table 2 Training 
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Any person working on the site / vessel / JUV will be competent and trained sufficiently to 

undertake their work in a safe and efficient manner. Each Contractor will ensure that their 

personnel maintain the necessary level of competence for their work & will maintain the 

training records on site & make them available for review and audit. Records of training will 

be maintained and made available for inspection. 

4 METHOD STATEMENT AND PROGRAMME 

The full Construction Works method and programme can be found in the Construction Method 

Statement (MEY-1A-40-HSE-004-D-CMSConstructionWorks).  

4.1 Turbine Subsea Cable (TSC) Works Summary 

The installation process will pull 4 x TSC from offshore via the HDD ducts to onshore and then 

lay the TSC along to the seabed to the 4 x TSS locations. Full installation details can be found 

in the Construction Method Statement (MEY-1A-40-HSE-004-F-CMSConstructionWorks).   

The installation will use: 

• 1 Cable Laying Vessel (CLV); and 

• 1 multi-cat type vessel. 

The key elements of the TCS installation are: 

• Complete TSC route and TTG seabed survey using ROV / Drop-down camera from 

the multi-cat vessel prior to operations. 

• Divers from a multi-cat will remove the HDD exit cap, install a bellmouth to the HDD 

liner and a pull the winch wire through the HDD liner. 

• Mobilise the Cable Laying Vessel (CLV); 

• The TSC will be mobilised direct from the cable manufacturer (Hartlepool); 

• The CLV will transit to site, position and hold station to the north of HDD exit points. 

• The TSC will be paid out from the CLV, floated and directed by a multi-cat vessel 

towards the HDD exit point. 

• The TSC will be connected to the pre-installed winch wire in HDD bore.  

• An onshore winch will then begin to pull the TSC through the HDD bore as it is paid 

out from the CLV.  

• The Multi-cat will monitor progress and release the floats attached to the TSC.  

• When the TSC has reached the onshore site it will be temporarily secured. 

• The CLV will then begin to lay the TSC along the design route towards the TSS 

locations (Figure 2 and Error! Reference source not found.3).  

• TSC is set down near the Turbine Support Structure (TSS) and laid down with a 

temporary dead man anchor. 

• Cable stability measures will be marshalled from Scrabster Harbour, loaded onto a 

suitable DP OCV l. 

• Cable stability measures will be overboarded from the DP OCV  crane into position 

determined by previous analysis 
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• Demobilise vessels 

• The process will be repeated for 4 x TSC. 

4.2 Turbine Support Structure (TSS) Works Summary 

The TSS Works includes the installation of the 4 x TSS and ballast blocks at their target 

locations. Full installation details can be found in the Construction Method Statement (MEY-

1A-40-HSE-004-F-CMSConstructionWorks).   

Two approaches are being considered for installation of the TSSs.  These include:  

• Installation Approach 1 (Jack-Up Vessel (JUV) and DP Offshore Construction Vessel 

(OCV) ) vessel); and  

• Installation Approach 2 (DP Offshore Construction Vessel (OCV)).  

The key elements of the TSS installation process are: 

4.2.1 Installation Approach 1 – JUV and DP OCV  

• Mobilisation of JUV and DP OCV prepared with the necessary grillages and sea 

fastenings. 

• The 2 x TSS tripod will be loaded from Nigg Energy Park onto the JUV for transit to 

site.  Transit may be assisted by a tug with the JUV under tow between Nigg and the 

MeyGen site. 

• The JUV will prepare for the installation operation at a suitable off-site holding 

location identified during the pre-installation survey.   

• On arrival at the site, the JUV  waits for slack tide before moving into position over 

the TSS location.  

• The JUV will elevate to an operating height above the sea. 

• Lifting rigging incorporating hydraulic release shackles and monitoring equipment 

(sub-sea cameras and acoustic beacons) will be used to lift and locate the TSS on 

the seabed.   

• The sea fastenings would be released, the TSS weight taken by the JUV crane and 

moved overboard to wait for acceptable tidal flow conditions. The tidal rate would be 

closely monitored using live current data. As soon as the reducing tidal flow has 

reached the acceptable agreed rate, the lift would be lowered towards the seabed. 

• A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation 

of the TSS onto the seabed.  

• Following the installation of the TSS, a Platform Supply Vessel (PSV) would be used 

to bring 6 ballast blocks from Scrabster Harbour to the MeyGen site. 

• The PSV would be mobilised and prepared with suitable grillages for the carriage of 

the ballast blocks. 

• A shore crane would be used to load 6 ballast blocks onto the PSV for transport to the 

MeyGen site. 

• Upon completing the installation of the TSS, the PSV would be called alongside the 

JUV and while the PSV holds station on DP OCV, the JUV would lift a pair of ballast 

blocks from the PSV and install these blocks onto the TSS. 
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• A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation of 

the ballast blocks on the TSS. 

• This operation would be repeated three times. 

The JUV would then jack down and move to the next installation location before the operation 

is repeated. The entire process would then be repeated to install the remaining two TSSs. 

4.2.2 Installation Approach 2 – DP OCV 

• Mobilisation of the DP OCV prepared with the necessary grillages and sea fastenings 

to suit carriage of the TSS. 

• 2 x TSS are loaded directly from Nigg Energy Park onto DP OCV and transit to site.  

• The DP OCV will prepare for the installation operation off site at a suitable holding 

location identified during the pre-installation survey. 

• The DP OCV waits for slack tide before moving into position over a TSS location. 

• The DP OCV will hold position over the TSS location using DP.  

• A lift frame incorporating sub-sea cameras and acoustic beacons, will be used on the 

DP OCV along with traditional rigging. This would be attached to the TSS lifting 

points through the use of hydraulically actuated pins. 

• The sea fastenings would be released, the TSS weight taken by the vessels crane 

and moved overboard to wait for acceptable tidal flow conditions. The tidal rate would 

be closely monitored using live current data. As soon as the reducing tidal flow has 

reached the acceptable agreed rate, the lift would be lowered towards the seabed. 

• A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation 

of the TSS onto the seabed. 

• The DP OCV will prepare the next tripod lift at a suitable holding location whilst 

waiting for the next slack tide. 

• The DP OCV will complete the 2nd tripod lift using the same method. 

• Following the 2nd tripod installation a second DP OCV will install the ballast blocks 

collected from Scrabster Harbour. 

• This second vessel would be mobilised and prepared with suitable grillages for the 

carriage of the ballast blocks; 

• A vessels crane would be used to load 6 ballast blocks onto the Seafasteners for 

transport to the MeyGen site. 

• The DP OCV will sequentially install ballast blocks to the TSS.  One per slack tide 

window. The DP OCV will plan and prepare for each subsequent lift in between slack 

tides. 

• A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation 

of the ballast blocks on the TSS. 

• This sequence would be repeated for the second TSS installed in the previous 

activity. 
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This sequence would then be repeated for the 3rd and 4th TSS and ballast blocks. 

4.3 Tidal Turbine Generator (TTG) Works Summary 

Two types of TTG will be installed during Phase 1a, 1 x Atlantis TTG and 3 x Andritz 

Hammerfest TTG.  The installation methods are largely similar, with both involving positioning 

the TTG on the TSS and connecting mechanical and electrical connectors, however, some 

differences exist, largely related to methods of electrical connection.  

As with the TSSs, two approaches for installation of the TTGs are being considered based on 

using either:  

• 1 DP Offshore Construction Vessel (DP OCV); or 

• 1 Jack-Up Vessel (JUV). 

4.3.1 Atlantis TTG installation 

The key elements of installation for the Atlantis Resources Limited (ARL) TTG are summarised 

below: 

• TTG and associated components and equipment are assembled at Nigg Energy Park. 
A DP OCV / JUV is prepared with the necessary grillages and sea-fastening. 

• TTG and equipment is loaded onto the DP OCV / JUV. 
• The DP OCV / JUV transits to site from port.  Transit of the JUV may be assisted by a 

tug with the JUV on tow between Nigg and the MeyGen site.  
• The DP OCV / JUV will prepared for the installation operations at a suitable off-site 

holding location identified during the pre-installation survey. 
• The DP OCV / JUV waits for slack tide before moving into position over the TSS 

location. 
• The DP OCV will hold position over the TSS / TTG location on DP.  
• The JUV will elevate to an operating height above the sea.    
• The end of TSC is retrieved from the seabed, and fixed to a back-pack cable 

management system. 
• The back-pack structure is installed onto the TSS using an ROV to monitor 

installation. 
• An active lift frame incorporating sub-sea cameras, acoustic beacons, gyros and 

inclinometers will be used for the TTG. This would be attached to the TTG lifting 

points through the use of hydraulically actuated pins. 

• When approaching the slack tide the turbine would be moved overboard to wait for 

acceptable tidal flow conditions. The tidal rate would be closely monitored using live 

current data. As soon as the reducing tidal flow has reached the acceptable agreed 

rate, the lift would be lowered towards the substructure. 

• The TTG connection will be monitored using the active lift frame, with small positional 

corrections being made by crane driver.  

• Once the TTG is positioned on the TSS, the lift frame would be remotely disengaged 

from the TTG lifting points and recovered to the surface.  

• Installing the TTG on the TSS the electrical connection in the back-pack is made. 

• The DP OCV / JUV would then move off site with the installation complete. 
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A Remotely-Operated Vehicle (ROV) will provide a live video feed of the installation of the 

TSS onto the seabed and ensure the installation parameters are met. 

4.3.2 Andritz Hammerfest Hydro (AHH) TTG installation  

The key elements of installation for the Atlantis TTG are summarised below: 

• TTG with TSC tail and equipment are assembled at Scrabster Harbour. 

• A DP OCV / JUV is prepared with the necessary grillages and sea-fastening. 

• TTG and equipment is loaded onto the DP OCV / JUV. 

• The DP OCV / JUV transits to site from port.  Transit of the JUV may be assisted by a 

tug with the JUV on tow between Nigg and the MeyGen site.  

• The DP OCV / JUV waits for slack tide before moving onto DP station at the TSS 

location. 

• The DP OCV will hold position over the TSS / TTG location on DP.  

• The JUV will elevate to an operating height above the sea.    

• The TSC is retrieved to the vessel / JUV deck and the TTG cable tail is connected to 

the TSC. 

• An active lift frame incorporating sub-sea cameras, acoustic beacons, gyros and 

inclinometers will be used for the TTG. This would be attached to the TTG lifting points 

through the use of hydraulically actuated pins. 

• When approaching the slack tide, the turbine would be moved overboard to wait for 

acceptable tidal flow conditions. The tidal rate would be closely monitored using live 

current data. As soon as the reducing tidal flow has reached the acceptable agreed 

rate, the lift would be lowered towards the substructure. 

• The TTG connection will be monitored using the active lift frame, with small positional 

corrections being made by crane driver.  

• The TTG and TSC tail are lowered simultaneously using a tandem lift operation. The 

TTG is installed on the TSS. 

• The end of TSC is retrieved from the seabed via an ROV.  

• Both TSC and TSC tail will be clamped on deck and a dry-mate jointing operation 

commences. 

• The connected TSC will then be laid back on the seabed 

• OCV / JUV is demobilised. 

• The operation will be repeated for 3 x Andritz Hammerfest TTG. 
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4.4 TSS / TTG locations  

The position / 

locations of the 

TTGs are 

shown in Table 

3 and Figure 2.    

Turbine No. 

Model Eastings Northings 

1 AHH 1 491819.6  E 6502207.8 N 

2 AHH 2 491776.6  E 6502123.6 N 

3 AHH 3 492026.2 E 6502159.8 N 

4 ARL 1 492008.0  E 6502020.0 N 

Table 3 TTG locations – UTM30 / WGS84 

 

 

Figure 2 TSC route and TTG positions 

4.5 Programme  

The programme for TSS and TTG installation is presented in Figure 3 below.   
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Figure 3 TSS and TTG installation programme  

5 NAVIGATIONAL SENSITIVITIES AND OTHER USERS 

5.1 Navigational features 

The Development is located in the Pentland Firth, which separates the Scottish mainland from 

the Orkney Islands, Figure . The Pentland Firth is well known as a challenging environment 

for mariners, with Admiralty Charts of the firth including general recommendations on 

navigation and more specific advice for laden tankers, due to strong tidal streams which give 

rise to eddies and races. The Development area lies outside of the worst of these, such as 

The Merry Men of Mey and The Swilkie. 

The Pentland Firth is divided into two passages by the island of Stroma. The principal and 

usual route through the firth by day and night, recommended for larger vessels, is the 2.5nm 

wide, deep and well-marked Outer Sound between Stroma and Swona. The Inner Sound 

between Stroma and the mainland is approximately 1.25nm wide, shallower, poorly marked, 

and its use by larger vessels is not recommended at any time, particularly in high winds or at 

night. However, it may be used by slow or smaller vessels with local knowledge in certain 

weather or in order to avoid proceeding against a stronger contrary stream in the Outer Sound. 

Admiralty Sailing Directions suggest a mid-channel route through the Inner Sound when 

transiting with the tidal stream. When heading eastbound against the stream, keeping close 

in to either Stroma or Gills Bay is recommended to take advantage of comparatively slack 

water either side of mid-channel. For the westbound passage against an east-going tidal 

stream, the track favours the mainland shore through Inner Sound. However, the directions 

state that the coast between Ness of Duncansby and Gills Bay should not be approached too 

closely as it is generally poorly surveyed and in a number of places is fringed by dangerous 

or drying rocks. 

5.1.1 Voluntary Reporting System 

There is a voluntary reporting system in the Pentland Firth. Laden vessels should report to 

Aberdeen Coastguard on VHF Channel 16 at least 1h before ETA and on final departure of 

the Pentland Firth. This includes giving details on Name, Course, Speed, Draught and 

Destination.  
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5.2 Vessel movements 

A combined dataset of 16 weeks seasonally and tidally weighted AIS survey data from 2010 

-2011 was used for the baseline shipping analysis. This exceeded the minimum required by 

MCA MGN 371 of 4 weeks in order to provide a comprehensive picture of the traffic in the 

Inner Sound.  

This was analysed for the Development area and its surroundings, covering both the Inner 

and Outer Sounds. A plot of ship tracks recorded during the survey period, colour-coded by 

vessel type, is presented in Figure . An illustration of the relative traffic density within the area 

is presented in Figure 5 based on the combined AIS track data. Key features are:  

• The Pentalina ferry, operated by Pentland Ferries between Gills Bay and Saint 

Margaret’s Hope with three return trips per day. A combined plot of all the Pentalina 

tracks over the 16 weeks is presented in Figure 6. Pentland Ferries still operate the 3 

return trips per day. 

In easterlies the ferry will tend to pass west of Stroma whilst in westerlies the route 

east of Stroma is preferred.  

• Consistently heavy east-west traffic via the Outer Sound between the islands of Stroma 

and Swona. The number of vessels using the Outer Sound averaged 14 per day,  

• The east-west traffic transiting the Inner Sound is low-to-moderate by comparison, 

averaging less than 1 vessel per day (approx. 4% of the Outer Sound traffic). The sizes 

of vessels in the Inner Sound also tended to be smaller.  

• In total, 43 different vessels were recorded using the Inner Sound making a total of 63 

transits (average of 1 transit every 2 days). The number of vessels varied slightly 

between the periods with marginally more traffic in winter. 

• A number of these same vessels were also recorded using the Outer Sound during the 

survey, which suggests vessels can use both channels, although their choice is likely 

to depend on weather, tides and departure / destination ports. 

• A total of 29 of the 63 vessels were broadcasting their draught on AIS. The draughts 

of a further 23 vessels were conservatively estimated based on researching their 

maximum draught or depth.  A combined plot of the transiting traffic in the Inner Sound 

by type and draught is presented in Figure 7 and Figure 8.  Draughts for 62 of the 63 

vessels have therefore been ascertained. 
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Figure 4 AIS tracks by ship type within 5nm of the Development (Summer, 2011) 

 

Figure 5  AIS density (2010 and 2011) 
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Figure 6 AIS tracks of Pentalina (2010 and 2011) 

 

Figure 7 AIS tracks by ship type within Inner Sound (2010 and 2011) 

HDD site location 
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Figure 8 AIS tracks by draught within Inner Sound (2010 and 2011) 

6  MEYGEN LTD. COMMITMENTS AND LEGISLATIVE COMMITMENTS 

This section will provide an overview of the commitments made for navigation in the ES and 

SEIS and legislative and consenting requirements.  

6.1 Environmental Statement (ES) and Supplementary Environmental Information 

Statement 

A number of impacts were considered within the ES and mitigations identified for the 

construction phase. These are listed below in Table 4 with the mitigating actions proposed. 

ES Mitigation NSP Reference 

Collision risk with work vessel 

Marine Safety Information broadcasts will be issued by HM Coastguard 
to inform mariners of the activity at the Development area (8 
broadcasts per day covering Fair Isle, Cromarty and Hebrides Areas). 

Section 9 

The Development area will be issued as a temporary chart correction 

during the construction phase to be issued as a permanent correction 

and depicted on Admiralty Charts produced by the UKHO. This 

amendment will be via the existing Notice to Mariners and include 

standard chart markings. 

Section 9 

HDD site location 
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Navtex and Notices to Mariners will be issued including details of the 
MeyGen work 

Section 9 

Information on the work activity at the site will be circulated directly to 

local ports, ferry operators (e.g., Pentland Ferries), fishermen and 

recreational clubs. 

Section 9 

Details of the Development will be included in updated Kingfisher 

fishermen’s awareness charts and FishSAFE. 

Section 9 

Details of the Development will be included in updated Sailing 
Directions. 

Section 9 

There will be liaison with local Harbour Masters to ensure they are 

aware of the activity and can notify visitors to their port. 

Section 9 

A working VHF channel will be provided to local users. Section 9 

Safety zone of appropriate dimensions will be applied for to protect 
working vessels on the site when restricted in ability to manoeuvre 

Section 8 

Operating procedures will be established to ensure work vessels do 
not block the channel when they are not actively working on the site.  If 
it is not practicable for the work vessel to depart from the site they will 
use AIS and marks to indicate that any safety zone is not operational if 
they are not restricted in manoeuvrability.  

Section 9 & 10 

Collision risk management procedures will be developed to be used by 
working vessels specifying traffic monitoring and emergency response 
procedures. 

 

Section 9 &12 

An Emergency Response Cooperation Plan (ERCoP) will be prepared 

for the Development incorporating the guidance provided in MGN 371.  

This will be submitted to the MCA for comment and approval. 

Section 12 

There will be a dedicated watchkeeper onboard working vessel(s) Section 3 

 

Local harbours will be used for the work where practicable. Vessel 

Management 

Plan 

Traffic re-routeing due to work vessels and associated safety zones 

Further consultation will be carried out on the safety zone dimensions 

with Marine Scotland, the MCA, DECC, the appointed contractor and 

local stakeholders prior to the application being made to DECC. 

Section 8 

Safety zones will be established on a ‘rolling’ basis, covering only the 

area of the site in which activity is taking place at a given time. Once 

that activity has been completed in that specific location, the safety 

Section 8 
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zone will then ‘roll on’ to cover the next specific location (not the whole 

Development area). 

Work vessels will indicate their status on AIS and using appropriate 

marks/lights, e.g., if restricted in manoeuvrability.  This will signify to 

passing traffic whether a Safety Zones is in place or not. 

Section 11 

Working vessel gets into difficulty 

Working vessels are selected and audited based on suitability for the 

job and the conditions in the Pentland Firth. 

Section 3 

Marine operating procedures are developed specifying allowable wave, 

tide and weather criteria. 

Construction 

Method 

Statement 

Procedures specify that work vessels should seek shelter (or return to 

base) when not working at the site. 

Vessel 

Management 

Plan 

Working personnel are trained in offshore survival and have suitable 

Personal Protective Equipment (PPE). 

Section 3 

The Construction company operates a Safety Management System. Section 3 

Passage plans are developed for vessels routeing between the 

Development area and the onshore base. 

Vessel 

Management 

Plan 

Work vessel movements are monitored from designated control centre, 

e.g., on AIS and reporting via VHF.  

Section 3 

Marine 

Coordinator 

An Emergency Response Cooperation Plan (ERCoP) will be prepared 

for the Development following the template provided by the MCA in 

MGN 371. This will be submitted to the MCA for comment and 

approval. 

Section 12 

Table 4 ES Construction mitigation 

6.2 Safety Management Systems  

The NSP complies with the Principal Contractor’s Construction Phase Health and Safety Plan 

(under the Construction (Design and Management) Regulations 2007) and their Health, Safety 

and Environment Manual. 

6.3 Consent Conditions 

A list of further commitments required by the Conditions of the S.36 consent and Marine 

Licence, relevant to the Construction Works, are in Table . The NSP is part of suite of consent 

related documents. A full list of the S36 and Marine Licence conditions can be found in the 

EMP. 
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The NSP sets out the safe navigation systems that will in used in carrying out the Construction 

Works as detailed in the CMS. CMS for the Construction Works also complies with the 

procedures set out in the EMP and VMP. Each of these documents is consistent with each 

other.  

Con Condition summary Document Responsible for 
Notification 

S36 9 - Construction Method Statement  

S36 10 ECoW N/A  

S36 11 - Environmental Management Plan  

S36 12 - Project Environmental Monitoring 
Programme 

 

S36 13 - Advisory Group  

S36 14 - Vessel Management Plan  

S36 15 - Operations and Maintenance Plan  

S36 16 Reporting Protocol for 
the Discovery of Marine 
Archaeology 

Environmental Management Plan  

S36 17 - Navigation Safety Plan  

ML 
3.1.3 

Notification of Vessels Construction Method Statement / 
Vessel Management Plan 

ECoW 

ML 
3.2.1.3 

Marine Pollution 
Contingency Plan 

Environmental Management Plan  

ML 
3.2.1.4 

Notification of 
Commencement 

Construction Method Statement ECoW 

ML 
3.2.1.5 

ECoW N/A  

ML 

3.2.1.6 

Promulgation of 
navigation warnings 

Navigation Safety Plan  

ML 
3.2.1.7 

Marine Mammal 
Observer 

Environmental Management Plan  

ML 
3.2.2.1 

Transport Audit Sheets Construction Methods Statement ECoW 

ML 
3.2.2.2 

Notification of Deposits Construction Methods Statement ECoW 

Table 5 Other consent requirements 
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6.4 Legal Requirements, Licences and Guidance notes  

The NSP has been developed with due consideration of the following legislation: 

a) Convention on the International Regulations for Preventing Collisions at Sea, 1972 

(COLREGs) 

b) UK Merchant Shipping Act 1995 

c) UK Maritime H&S Regulations 

d) International Convention for the Safety of Life at Sea (SOLAS), 1974 

e) MGN 371 Renewable Energy Installations (OREIs) - Guidance on UK Navigational 

Practice, Safety and Emergency Response issues. 

f) MGN 372 Offshore Renewable Energy Installations (OREIs):Guidance to Mariners 

Operating in the Vicinity of UK OREIs 

g) Offshore Wind and Marine Energy Health and Safety Guidelines, UK Renewables 

Where practicable and relevant, the NSP will be influenced by the MGN 371 guidance and 

industry best-practice, including the development of an Emergency Response Co-operation 

Plan (ERCoP) pre-construction and in collaboration with the nearby offshore operators, it is 

considered that Search and Rescue issues can be well managed. 

7 NAVIGATIONAL SAFETY MEASURES 

Measure put in place to ensure the Navigational safety of the Construction Works will include: 

• Notice to Mariners; 

• Radio navigation warnings; 

• Dedicated watchkeeper; 

• Temporary construction lighting and marking; and  

• Emergency Response Co-operation Plan 

• Selection of well found and competently managed work vessels 

These measures will be adopted in consideration of the COLREGS and the guidance of MGN 

371. 

8 CONSTRUCTION SAFETY ZONES 

8.1 TSC Installation 

The TSC Installation requires a Multicat and CLV. Works will not specify a safety zone, but 

the vessel will request marine traffic to provide the region a suitably wide berth.   

The 3 point mooring system for the Multicat will have a radius of 75m with the vessel located 

close to the centre of the mooring spread (Figure ). 
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• The Notice to Mariners will include details of the Marine Works Locations, all-

encompassing dates and request the area is given a suitable wide berth. 

• Navigation warnings issued via the ‘Navtex’ system. 

• Radio warnings will be given every 3 hours by coast radio stations. 

• “Securitee” message broadcast at commencement, during, and on completion of daily 

activities. 

• Vessels involved will be keeping continuous listening watch on Channel 16 and will 

display appropriate lights and marks as required by the International Rules for 

Preventing Collisions at Sea. 

8.2 TSS /TTG Installation 

The TSS / TTG installation requires a single DP vessel / JUV. Works will not specify a safety 

zone, but the DP OCV/ JUV will have restricted movement when operating and request marine 

traffic to provide the region a suitably wide berth.   

• The Notice to Mariners will include details of the Marine Works Locations, all-

encompassing dates and request the area is given a suitable wide berth. 

• Navigation warnings issued via the ‘Navtex’ system. 

• Radio warnings will be given every 3 hours by coast radio stations. 

• “Securitee” message broadcast at commencement, during, and on completion of daily 

activities. 

Vessels / JUV involved will be keeping continuous listening watch on Channel 16 and will 

display appropriate lights and marks as required by the International Rules for Preventing 

Collisions at Sea. 

The DP OCV / JUV will be located on the TTG locations for the installation of the TSS and 

TTG (Error! Reference source not found.3 and Figure 2). 
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Figure 9 HDD exit works site layout 

9 NOTICE (S) TO MARINERS AND RADIO NAVIGATION WARNINGS 

For all Construction Works, Notice to Mariners (NtM’s) will be issued stating: 

• Contractor undertaking works and Contractor contact details; 

• Position, date and duration of works;  

• Vessels / JUV;  

• Bouyage and marking;  

• Specific navigation information and planned communication / warnings; and 

• Seabed hazards that remain post operation.  

A sample NtM is included in Appendix A. NtM’s will be sent to the following list in Table 6, 

including national and local stakeholders. 
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Contact Email 

UKHO hdcfiles@ukho.gov.uk 

UKHO navwarnings@btconnect.com 

UKHO sdr@ukho.gov.uk 

HM Coastguard Shetland Maritime Rescue 

Co-ordination Centre 

nmoccontroller@hmcg.gov.uk  

Marine Scotland Licensing Operations 

Team 

ms.marinelicensing@scotland.gsi.gov.uk 

Pentland Ferries kbanks@pentlandferries.co.uk  

Scrabster Harbour gordon.mackenzie@scrabster.co.uk  

Wick Harbour malcolm.bremner@wickharbour.co.uk  

Gills Bay Harbour b_mowat@yahoo.co.uk  

Orkney Island Council Marine Services harbours@orkney.gov.uk  

Northlink Ferries kris.bevan@northlinkferries.co.uk  

Northern Lighthouse Board navigation@nlb.org.uk 

Scottish Fishermen’s Federation sff@sff.co.uk  

Orkney Fishermen’s Society stewart@ofsorkney.co.uk  

Orkney Fisheries Association orkneyfisheries@btconnect.com  

Scottish Pelagic Fishermen’s Association ian.gatt@scottishpelagic.co.uk  

Royal Yachting Association admin@ryascotland.org.uk  

Holy Loch Port info@holylochport.co.uk  

Pentland Canoe Club secretary@pentlandcanoeclub.org.uk  

Caithness Canoe Club bill.ros1@btopenworld.com  

MeyGen Ltd. fraser.johnson@meygen.com  

MeyGen Ltd. david.collier@meygen.com  

MeyGen Ltd. eddie.scott@meygen.com 

MeyGen Ltd. Ed.rollings@meygen.com  

Table 6 NtM Contacts 

 

9.1 Frequency of Notice to Mariners 

NtM’s will be issued a minimum of 2 weeks prior to commencement of the Construction Works.  

9.2 Frequency and Approach to Radio Navigation Warning  

Navigation warnings will be promulgated using the GMDSS “Navtex” system which will be 

available to commercial vessels and some trawlers and leisure vessels. 

Radio navigation warnings will be issued every 3 hours. By coast radio stations. These will be 

readily accessible to any vessel with an operable VHF station.  

The primary, or a designated, work vessel / JUV will broadcast “Securitee” messages by VHF 

at commencement to works, during (hourly) and at completion of daily activities.  These 

messages will be readily accessible to any vessel with an operable VHF station. 
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Vessels / JUV involved will be keeping continuous listening watch on Channel 16 and have a 

working channel pre-determined for general communications.  

Vessels / JUV  display appropriate lights and marks as required by the International Rules for 

Preventing Collisions at Sea. 

9.3 Temporary Chart Markings 

The UKHO will be notified of the Development and request to issue a temporary chart 

correction for the Construction Works area. This will be requested prior to the execution of the 

main construction works. 

On completion of works a formal correction will be presented to HMSO for the permanent 

update of charts indicating sub-sea structure positions. 

10 ANCHORING AREAS 

The Construction Works are in an area of high tidal flows in the Inner Sound.  

It is not intended that any vessels would anchor near to the Construction Works site for any 

other reason than to carry out the dive operations during the TSC installation phase only. 

The TSC installation will use a Multicat vessel and 3 point mooring whilst carrying out the 

diving operations at the HDD exit location (See Figure  for details on mooring spread).  

Gills Bay (1.6km) will be used as a safe haven for the Multicat vessels whilst Scrabster (27km) 

will be used for the larger DP OCV  / JUV (see MEY-1A-40-HSE-006-F-

ConstructionWorksVMP). 

11 TEMPORARY CONSTRUCTION LIGHTING AND MARKING 

11.1 TSC Installation 

11.1.1 Multi-Cat 

A construction site for the Construction Works will be specified around the site to ensure the 

safety of the vessels operating at that time.  

The Multicat vessel will used for dive related operations. Works will only be undertaken during 

daylight hours, however under Colregs lights and shapes must be displayed from sunset to 

sunrise and at any other time deemed necessary therefore the vessel will be showing 

appropriate day signals and lights as required: 

For a Vessel Restricted in Their Ability to Manoeuver: 

By day shapes consisting of a ball / diamond/ ball where it can best be seen, and if required 

all-round lights being Red/White/Red where they can best be seen. 

In addition when at anchor a ball in the forepart of the vessel and if required anchor lights for 

a vessel of her size. 
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Rule 27 - Vessels not under command or restricted in their ability to manoeuvre (Figure 

20). 

 

 

Figure 20 Rule 27 diagram 

 

Additionally the following Interco signals may be flown: 

• Flag - Romeo / Yankee: You should proceed at slow speed when passing me 

  

• Flag-  Alpha: I have a diver down, please pass well clear at slow speed.  

.  

The 3 point mooring array will use surface floats atop each of the temporary anchors. These 

will be lit as special mark, with suitable day mark and light, the nature of these will be specified 

in the NtM related to these works. The light sequences will be confirmed in association with 

the Northern Lighthouse Board. 

11.1.2 CLV 

For a Vessel Restricted in Their Ability to Manoeuver: 

By day shapes consisting of a ball / diamond/ ball where it can best be seen, and if required 

all-round lights being Red/White/Red where they can best be seen. 

In addition when at anchor a ball in the forepart of the vessel and if required anchor lights for 

a vessel of her size. 

Rule 27 - Vessels not under command or restricted in their ability to manoeuvre (Figure 20). 
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Additionally, the following Interco signals may be flown: 

• Flag - Romeo / Yankee: You should proceed at slow speed when passing me 

  

 

11.2 TSS and TTG Installation 

For a Vessel Restricted in Their Ability to Manoeuver (including a JUV): 

By day shapes consisting of a ball / diamond/ ball where it can best be seen, and if required 

all-round lights being Red/White/Red where they can best be seen. 

In addition when at anchor a ball in the forepart of the vessel and if required anchor lights for 

a vessel of her size. 

Rule 27 - Vessels not under command or restricted in their ability to manoeuvre (including 

JUVs) (Figure 20). 

Additionally, the following Interco signals may be flown: 

• Flag - Romeo / Yankee: You should proceed at slow speed when passing me. 

  

12 EMERGENCY RESPONSE  

Three levels of emergency response planning exists within the control and management of 

the Construction Works: 

12.1 Vessel / JUV Operations 

Emergency response procedures are listed within the Method Statement within which the 

detailed means of executing the works is included. These procedures include: 

• Man Overboard 

• General MOB Procedure 

• Fire & Explosion 

• Personnel Injury or Medical Evacuation 

• Serious Injury or Illness 

• Medical Advice 

• Request for medical assistance  

• Evacuation of a sick or injured person from a vessel / JUV  

• Adverse Weather Procedure  

• Environmental Response Plan 

• Clean up actions specific to hazardous materials 
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• Spill Notification 

• Spill Documentation 

• Immediate actions 

• Clean-up actions 

• Spill notification 

• Spill Documentation 

• Location and Content of a Spill Kit 

• Post incident reporting 

• Training 

12.2 Principal Contractor 

An ERCoP has been generated by the Principal Contractor to cover the HDD Marine Works 

in relation to the Development site. This document will be generated considerate of MGN 371 

and agreed with the MCA prior to the commencement of the works. The content and layout of 

this supplement is designed to comply with the MCA requirements for the Emergency 

Response Cooperation Plan. (Guidance dated November 4th 2014). 

The ERCoP will be following relevant standards to take account of: 

• MGN 371 (M+F) Offshore Renewable Energy Installations Guidance on UK 

Navigational Practice, Safety and Emergency Response Issues 

• MGN 372 (M+F) Offshore Renewable Energy Installations (OREIs): Guidance to 

Mariners Operating in the Vicinity of UK OREIs 

The MeyGen Construction Phase Emergency Response Cooperation Plan, (CPERCOP), has 

been designed to be a simple document, with the minimum possible amount of descriptive 

background information and supporting material. The plan is a supplement to the Emergency 

Response Plan which is drawn up to identify controls for site specific emergency scenarios. 

Its purpose is to present such supporting information, where necessary, in a separate 

document, so that the users of the Emergency Response Plan are not burdened with 

unnecessary information (FSH-1A-40-HSE-013-D-

ConstructionPhaseEmergencyRespCooperationPlan). 

Given that the ERCoP is a live document relevant contact details for the Principal Contractor 

are included the ERCoP.  This ensures contact details for the ERCoP are fully up to date at 

the time the works commence. 

12.3 MeyGen Ltd. 

Atlantis Resources Ltd. (the majority shareholder of MeyGen Ltd.) has an Emergency 

Response Plan. The purpose of this document is to provide the management team of Atlantis 

with a clear and concise procedure to follow in the case of an emergency situation at any of 

the premises or sites under their control during the design, manufacture, transportation, 

installation, commissioning, operation, maintenance and eventual decommissioning of any 

tidal turbine device, power evacuation equipment, power generation equipment, or testing and 

commissioning equipment under their control. 
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13 BUOYAGE 

13.1 TSC Installation 

The TSC installation requires a 3 point mooring system for the Multicat vessel. The moorings 

will be laid on the marine works for HDD 1 (See HHD Marine Works documents). These will 

remain in place until the completion of marine works for the TSC installation. The vessel will 

mobilise and demobilise from these mooring for each dive operation in between.  

13.2 TSS / TTG Installation 

There is no requirement for buoys for the TSS and TTG installation works. 

14 NSP REVIEW AND CONSULTATION 

Under Condition 17 of the Section 36 the NSP will be reviewed and commented on by the 

licensing authority, SNH, and any other such ecological or other advisors that may be required 

at the discretion of the Scottish Ministers. The NSP must be approved by the licensing 

authority. 

The NSP will be submitted to the licensing authority for distribution to the stakeholders and for 

approval. 

Subsequent versions of the NSP will be submitted for the Construction Works to include 

procedures for turbine, foundation and cable installation. 

Any changes to the NSP deemed necessary (working methods or procedures) must be 

reviewed and approved by the ECoW before it is submitted for approval to the licensing 

authority (Figure 3). 

Version control will be conducted by the revision review block on the front page of the NSP. 
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Figure 31 NSP Change Process 
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16 LIST OF ABBREVIATIONS  

Abbreviation  

ARL Atlantis Resources Limited  

AHH Andritz Hammerfest Hydro 

CDM Construction (Design and Management) Regulations 2007 

CLV  Cable Laying Vessel  

CMS Construction Method Statement 

COSHH Control of Substance Hazardous to Health 

DP OCV Dynamic Positioning Offshore Construction Vessel   

ECoW Ecological Clerk of Works 

EIA Environmental Impact Assessment 

EMP Environmental Management Plan 

ERCoP Emergency Response Co-operation Plan 

ERP Emergency Response Procedures 

EPS European Protected Species 

ES Environmental Statement 

HDD Horizontal Directional Drilling 

HSE Health, Safety and Environment 

IOSH Institute of Occupational Safety and Health 

JNCC Joint Nature Conservation Committee 

JUV Jack-Up Vessel 

NSP Navigation Safety Plan 

MCA Maritime and Coastguard Agency 
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Abbreviation  

MHWS Mean High Water Springs 

ML Marine Licence under the Marine (Sotland) Act 2010 

MLWS Mean Low Water Springs 

MMO Marine Mammal Observer 

PC Principal Contractor  

PEMP Project Environmental Monitoring Programme 

RAMS Risk Assessments and Method Statements  

SAC Special Area of Conservation 

SCIMS Seal Corkscrew Injury Monitoring Scheme 

SEIS Supplementary Environmental Information Statement  

SEPA Scottish Environment Protection Agency 

SHESQ Safety, Health, Environment, Security and Quality 

SNCA Statutory Nature Conservation Agency  

SNH Scottish Natural Heritage 

SPA Special Protected Area 

STCW International Convention on Standards of Training, Certification and 

Watchkeeping for Seafarers, 1978 

S36 Section 36 of the Electricity Act 1989 

TSC Turbine Submarine Cable 

TSS Turbine Support Structure 

TTG Tidal Turbine Generator 

VMP Vessel Management Plan 
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APPENDIX A  - EXAMPLE NOTICE TO MARINERS 

Notice to Mariners 

Maritime Safety Information 

James Fisher Marine Services           Stan Groundwater 

Booths Park House 

Chelford Road                                         s.groundwater@james-fisher.co.uk 

Knutsford 

Cheshire                                                  tel 01856831380  mob

WA16 8WZ 

Work shall be undertaken by:              Leask Marine Limited 

                                                                Tel No.   01856 874 725 

                                                                Mob No.

                                                                Email      operations@leaskmarine.com 

                                                      

All positions to be quoted in World Geodetic System 1984 [WGS84], lat. / long., in 

deg./ minutes. & 3 decimal places of minutes. 

 

Works schedule and purpose 

Date/s:  xx/xx/2015 – xx/xx/2015 

 

Diving operations will be undertaken during slack water periods, out with that time C-Salvor 

will deploy cameras suspended below the vessel. 

Vessel/s onsite 

MV C-Salvor 

 

[Redacted]

[Redacted]
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Maximum 

extent of 

projected 

works 

058° 38' 47.80856" N 

003° 07' 59.95327" W 

Moorings will be located within xm of the above coordinates 

Buoys and 

markers to be 

displayed on 

site 

 
Mooring buoys will be deployed / recovered for the duration 

 
Colour – Yellow 

 

Light  

Flash Pattern  

Yes  

 

 

Area to be 

avoided 

As stated above  

Seabed post 

operations 

xxx 

Instructions to 

vessels 

Vessels involved will be keeping continuous listening watch on Channel 

16 and will display appropriate lights and marks as required by the 

International Rules for Preventing Collisions at Sea. 

Mariners are requested to give the works a wide berth 

 

Further information 

Fig1 Area of operations site map 

 

Fig2 C-Salvor for visual identification purposes.  
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Name Stan 

Groundwater 

Signature JSG Date 19/12/2014 

 

Promulgation List 

Contact Email 

UKHO hdcfiles@ukho.gov.uk 

UKHO navwarnings@btconnect.com 

UKHO sdr@ukho.gov.uk 

HM Coastguard Shetland Maritime Rescue 

Co-ordination Centre 

nmoccontroller@hmcg.gov.uk  

Marine Scotland Licensing Operations 

Team 

ms.marinelicensing@scotland.gsi.gov.uk 

Northern Lighthouse Board navigation@nlb.org.uk 

Pentland Ferries kbanks@pentlandferries.co.uk  

Scrabster Harbour gordon.mackenzie@scrabster.co.uk  

Wick Harbour malcolm.bremner@wickharbour.co.uk  

Gills Bay Harbour b_mowat@yahoo.co.uk  

Orkney Island Council Marine Services harbours@orkney.gov.uk  

Northlink Ferries kris.bevan@northlinkferries.co.uk  

Scottish Fishermen’s Federation sff@sff.co.uk  

Orkney Fishermen’s Society stewart@ofsorkney.co.uk  

Orkney Fisheries Association orkneyfisheries@btconnect.com  
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Scottish Pelagic Fishermen’s Association ian.gatt@scottishpelagic.co.uk  

Royal Yachting Association admin@ryascotland.org.uk  

Holy Loch Port info@holylochport.co.uk  

Pentland Canoe Club secretary@pentlandcanoeclub.org.uk  

Caithness Canoe Club bill.ros1@btopenworld.com  

MeyGen Ltd. fraser.johnson@meygen.com  

MeyGen Ltd. david.collier@meygen.com  

MeyGen Ltd. eddie.scott@meygen.com 

MeyGen Ltd. Ed.rollings@meygen.com  
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	ConsentLicence Number or Other Reference Details: The scientific instruments are being deployed as part of the MeyGen Tidal Energy Project, Phase 1: 
Section 36 Consent (09/10/2013)
Marine Licence (04577/14/0)
	Expiry Date: S36 - 25 years after the Final Commissioning of the Development or 1st January 2047, whichever of these two dates is earliest.
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	a Brief description of the project eg wave rider buoy deployment: Deployment of the HiCUP and FLOWBEC environmental monitoring frames with a tidal turbine as part of Phase 1a of the MeyGen Tidal Energy Project.
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	e Location: MeyGen Tidal Energy Project, Inner Sound of the Pentland Firth. The HiCUP and FLOWBEC frames will be installed within 30m of the tidal turbine (TTG4) at 58:39.49278N 3:8.23507W (WGS84 UTM30 Degrees Minutes). Map of MeyGen Phase 1 boundary area is provided in Appendices. 
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	If YES please specify statutory harbour authority: 
	g Method statement including schedule of work continue on separate sheet if necessary: Method Statement is included in Section 6.2 of the accompanying document - MEY-1A-70-HSE-018-I-PEMP (provided in Appendices).

Schedule - target installation date is the neap tide beginning 05/10/2016 (full schedule detailed in Section 2 Table 1 of the accompanying document - MEY-1A-70-HSE-018-I-PEMP (provided in Appendices).

The seabed mounted frames are installed with the tidal turbine foundation before being positioned by an remotely operated vehicle (ROV). The water depth is c. 35m to LAT and the frames are less than 1m in height.
	continue on separate sheet if necessary: The works are located in the North Caithness Cliffs Special Protected Area (SPA).

Mitigation for marine species during installation is detailed in the project Environmental Management Plan (RHK-1A-40-HSE-F-002-EMPConstructionWorks) (provided in Appendices).

The 38 kHz and 120kHz frequencies of the EK60 is within the hearing range of Harbour seals and  Harbour porpoise respectively. there is the potential that the operation of that frequency could cause a change to the natural behaviour of these species. Details of the mitigation for this can be found in Section 5.9 of the accompanying document - MEY-1A-70-HSE-018-I-PEMP. 

There are no know archaeological  features in the vicinity of the installation, however details of the reporting protocol for archaeological finds during installation and operation is detailed in the project Environmental Management Plan (RHK-1A-40-HSE-F-002-EMPConstructionWorks) (provided in Appendices).

Risks to safety of vessels and other sea users during installation and recovery works will be managed under the project Navigation Safety Plan (MEY-1A-40-HSE-005-F-NSPConstructionWorks) (provided in Appendices). Notice to Mariners will be promulgated at least 2 weeks in advance of operations to inform local and national stakeholders that works are taking place. (including UKHO, HM Coastguard, fisheries groups and local harbours and ferries). The frames are less than 1m in height in c.35m water depth and  do not include any surface buoys. The frames do not provide a risk to navigation during operation. 
	Instrument Details eg description type and sizeScientific Buoys eg waveriders or wavepowered: 
	QuantityScientific Buoys eg waveriders or wavepowered: 0
	Instrument Details eg description type and sizeMarker Buoys: 
	QuantityMarker Buoys: 0
	Instrument Details eg description type and sizeAssociated Guard Buoys: 
	QuantityAssociated Guard Buoys: 0
	Instrument Details eg description type and sizeProfiling Instruments eg ADCP: 
	QuantityProfiling Instruments eg ADCP: 
	ROV: 
	Instrument Details eg description type and sizeROV: 
	QuantityROV: 0
	Instrument Details eg description type and sizeRow6: HiCUP seabed mounted frame (tripod frame <1m(h) x 2.5m(l) x 2.5(w), with 2 x Tritech Gemini (720kHz) multibeam echosounders).

FLOWBEC seabed mounted frame 1m(h) x 3m(l) x 3m(w). Contains Simrad EK60 Echosounder (38, 120 200kHz), Imagenex 837 Delta T multibeam echosounder (260kHz), Nortek Signature (500kHz) ADCP, SonTek/YSI ADVOcean 5 MHz  ADV, flurometer.
	QuantityRow6: 1
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	Vessel Name1: Not known at the time of application
	Type of Vessel1: 
	Name and Address of Operator1: 
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	Type of Vessel2: 
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	Name and Address of Operator4: 
	Vessel Name5: 
	Type of Vessel5: 
	Name and Address of Operator5: 
	Vessel Role eg guard or fisheries liaison1: Not known at the time of application
	Vessel to be Stationary include length of time to be stationary1: 
	Vessel Role eg guard or fisheries liaison2: 
	Vessel to be Stationary include length of time to be stationary2: 
	Vessel Role eg guard or fisheries liaison3: 
	Vessel to be Stationary include length of time to be stationary3: 
	Vessel Role eg guard or fisheries liaison4: 
	Vessel to be Stationary include length of time to be stationary4: 
	Vessel Role eg guard or fisheries liaison5: 
	Vessel to be Stationary include length of time to be stationary5: 
	Will loud low to mid frequency 10Hz to 10kHz impulsive noise be produced: NO_5
	Sound Frequency HertzUse of Explosives: 
	Sound Frequency HertzUse of Acoustic Deterrent Devices: 
	Other please describe belowRow1: 
	Other please describe belowRow1_2: 
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	undefined_9: YES_6
	considered: The application supports the wider development of the MeyGen Tidal Energy Project and the marine energy sector and therefore contributes positively to the objectives and marine planning policies of Section 11 (Offshore wind and Marine Renewable Energy).

The site is located within the Tidal Plan Option sector in the Pentland Firth.

The Project Environmental Monitoring Prograomme meets the requirements of the Survey, Deploy and Monitor Strategy of the Scottish Government.
	If NO please provide an explanation of why you havent considered the National Marine Plan: 
	List all bodies you have consulted and provide copies of correspondence: As part of the Advisory group set up to manage the Project Environmental Monitoring Programme for MeyGen Tidal Energy Project the following organisation have been consulted on the installation of the HiCUP and FLOWBEC frames;

Scottish Natural Heritage
Marine Scotland Licensing Operations Team
Marine Scotland Science
The Crown Estate

Copies of meeting minutes are available on the Marine Scotland website.

The Maritime Coastguard Agency (MCA) have been consulted on the these works as part of the previous Marine Licence Exemption Application dated (16/06/2016).
	Provide details of other related marine projects including referencelicence numbers if applicable: The HiCUP and FLOWBEC monitoring frames will be installed as part of the Project Environmental Monitoring Programme (PEMP) for Phase 1a of the MeyGen Tidal Energy Project which includes 4 tidal turbines and associated infrastructure. Phase 1a is consented under Section 36 consent (dated 09/10/2013) and Marine Licence (ref. 04577/14/0.
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