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1 Introduction 

1.1 Background 

The Beatrice Offshore Wind Farm development received consent under Section 36 of the 
Electricity Act 1989 from the Scottish Ministers on 19th March 2014 (the S36 Consent) and 
was issued two marine licences from the Scottish Ministers for the Wind Farm and for the 
Offshore Transmission Works (OfTW) respectively, on 2nd September 2014 (the Marine 
Licences), as revised by the issue of licences 04461/16/0 and 04462/16/0 on 27th April 2016 
and as revised by the issue of licences 04461/18/0 and 04462/18/0 on 9 h April 2018. The 
Wind Farm and the OfTW are collectively referred to as the ‘Development’ and the S36 
Consent and the Marine Licences are collectively referred to as the ‘Consents’.  

A Piling Strategy (PS) consent plan (BOWL, 2017a; ref: LF000005-PLN-142) was produced 
to address the specific requirements of the relevant conditions attached to the Consents 
issued to Beatrice Offshore Windfarm Limited (BOWL). The most recent revision of the PS 
approved by Marine Scotland Licensing Operations Team (MS-LOT) is Revision 05 dated 1 
March 2017 and unless otherwise stated this is the revision being referred to throughout this 
Report. 

The aim of the PS was to present how underwater noise, arising from piling activity during 
construction and leading to potential effects on key marine mammals and fish (bottlenose 
dolphin Tursiops truncatus, harbour seal Phoca vitulina, Atlantic salmon Salmo salar, cod 
Gadus morhua and herring Clupea harengus), was to be mitigated. The PS included the 
following information: 

 Full details of the proposed method and anticipated duration of piling at all asset 
locations; 

 Details of soft-start procedures and anticipated maximum piling energy required at 
each pile asset location; and 

 Details of mitigation and monitoring to be employed during piling. 

As per the requirements under the Consents, the PS was developed in accordance with the 
Environmental Statement (ES) and Supplementary Environmental Information Statement 
(SEIS) and reflecting additional surveys that were carried out following the Application. .  

The PS included a detailed Piling Mitigation Protocol (PMP) to meet the requirements of the 
Consents (see Appendix C of the PS). BOWL also developed a Phased Piling Mitigation 
Strategy (PPMS) at the request of MS-LOT (BOWL, 2016a). The PPMS provided a high-
level comparison between the draft guidelines (JNCC, 2010a) using Marine Mammal 
Observers (MMOs) and Passive Acoustic Monitoring (PAM) as well as the use of an 
Acoustic Deterrent Device (ADD) to ensure marine mammals were clear of the identified 60 
m injury zone prior to soft start piling.   

1.2 Aim and objectives of the Piling Strategy Implementation Report 

This Report has been written for MS-LOT and other key stakeholders as a means of 
illustrating how BOWL implemented the mitigation detailed in the PS (see Table 1.1 of the 
PS), including provision of details on the species observed in the field, maximum hammer 
energies and piling durations.  
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Specific objectives of this Report are: 

 To report on implementation of the PMP (developed by Tessa McGarry at RPS and 
Prof. Paul Thompson and the University of Aberdeen (UoA)), including the soft start 
procedure. 

 To present a summary of the parameters measured during piling activity and present 
a comparison between what was predicted in the PS and actual data collected during 
the piling phase, including: 

o Maximum and average hammer energies achieved per asset location; 

o Maximum and average duration of piling per asset location; and 

o Example piling profiles associated with maximum and average piling activity.  

 To provide commentary of the species observed. 

1.3 Additional licences and legal requirements 

A European Protected Species (EPS) licence was issued to BOWL by MS-LOT on the 29th 
February 2016 (MS EPS 01/2016/00) to permit the disturbance of bottlenose dolphin, 
harbour porpoise Phocoena phocoena, northern minke whale Balaenoptera acutorostrata, 
common dolphin Delphinus delphis, white-beaked dolphin Lagenorhynchus albirostris and 
Risso’s dolphin Grampus griseus, during the construction phase of the Development (which 
included the use of ADDs). The EPS licence required all piling operations and ADD 
operations to be carried out in accordance with the PS. 

This Report demonstrates how relevant EPS licence requirements have been met. 

1.4 Scope of the Piling Strategy Implementation Report 

Section 13.5 of the PS states that a final piling report will be submitted to MS-LOT on 
completion of construction works. It states that the report will: 

“…..be a compilation of the field records gathered by the ADD Operators. It will include a 
piling profile for each pile installed, and include details of soft-start procedures, maximum 
hammer energy used and the duration of impact piling at each pile location. This will enable 
comparison against this PS. It will also include records of ADD testing and deployment.’ 

This Report has been set out to allow for straightforward comparison with the PS. The scope 
of this Report is provided in the following table and should be cross referenced to the 
relevant section in the PS (Table 1-1). 
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The summary data in Table 3-1 show that the approximate durations of each stage of the 
foundation installation process, as presented in the PS, were consistently higher than the 
actual durations averaged over the 86 asset locations. 

3.3 Foundation installation programme 

The PS stated that foundation installation would take place between April 2017 and January 
2018. The foundation installation phase commenced on 22nd March 2017 with the 
mobilisation of the Seaway Heavy Lifting (SHL) owned Heavy Lift Vessel (HLV) - the 
Stanislav Yudin – from the Port of Rotterdam. The piling phase commenced on 2nd April 
2017. Overall foundation installation was completed on 2nd December 2017 and therefore 
piling occurred within the foundation installation window stated in the PS. 

Mitigation to reduce the risk of injury to marine mammals was implemented under the PMP 
from the start of the piling phase and as and when required up to the 8th August 2017, at 
which point the mitigation strategy switched to the PPMS. Piling operations continued under 
the PPMS during a 12 day phase, over which time a total of six asset locations were piled. 
Mitigation reverted to the PMP on 26th August 2017 for the remainder of the piling phase. 

3.4 Planned and unplanned breaks 

Most breaks during piling were planned breaks and did not exceed 2.5 hours in duration (i.e. 
the cut off duration for implementing the PMP from the beginning). There were a number of 
exceptions when unplanned breaks did occur during piling with the majority of these being 
the result of technical/mechanical issues with the HLV equipment. 

3.5 Piling operations sequence 

Figure 6.8 in PS shows the planned sequence in which asset locations would be piled 
across the Development site. The original plan was to install the foundations sequentially 
through each of the clusters 1 to 5. Whilst this was achieved to some extent there were 
variations in the sequence that were made because of logistical constraints. The sequence 
of foundation installation across the Development site, compared to the original plan, is 
illustrated in Figure 3-1. 
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Figure 3-1 Sequence of piling operations across the Development site.  
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4 Implementation of piling mitigation protocol and associated reporting 

4.1 Implementation of the Piling Mitigation Protocol 

4.1.1 Overview 

The site-specific mitigation protocol for piling involved the deployment of an ADD and the 
implementation of a piling soft start to deter marine mammals from the modelled injury zone 
before piling commences at full hammer energy. The PMP was undertaken by a Marine 
Mammal Mitigation Team (MMMT) from Gardline as illustrated by the following schematic 
(Figure 4-1; reproduced from Figure 10-1 of the PS).  

Figure 4-1 Schematic showing Piling Mitigation Protocol 
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4.1.2 Preparation for PMP implementation 

4.1.2.1 Set-Up 

Prior to the mobilisation of the MMMT there were a number of logistical and operational 
procedures orchestrated to ensure effective set up. This process was driven by internal 
processes at a project management level within Gardline as well as adhering to external 
requirements of BOWL and SHL. This included (but was not limited to):  

 equipment preparation and mobilisation; 

 personnel requirements; 

 reporting requirements; and  

 Development site access permissions. 

In relation to equipment, four Gardline MK1 systems comprising two hydrophones were 
selected as these are ideal for vertical deployments. Documents detailing the PAMS set-up 
and deployment on-board the HLV Stanislav Yudin were created prior to mobilisation. Prior 
to despatch each PAMS was function tested in Gardline’s workshop and packed with 
suitable tools and consumables. All PAMS were freighted directly to the HLV Stanislav Yudin 
during mobilisation in Rotterdam. This was to allow set-ups to be finalised and allow a 
second function test to be performed during transit to the Development site. 

Five Lofitech ADDs were supplied. Each ADD had a 100 m cable to allow for flexible 
deployment from the HLV Stanislav Yudin and ensure the transducer was placed mid-water 
column as per the requirements of the PMP. All systems were battery powered and again 
tested prior to despatch. The ADDs were split into two shipments, with two systems sent 
directly to the vessel in Rotterdam, and the remaining three sent to the UoA for checks as 
part of the Marine Mammal Monitoring Programme. The latter three systems were mobilised 
to the HLV Stanislav Yudin in Invergordon, prior to the vessel sailing to the Development 
site. 

In relation to personnel requirements, it was stipulated in the PMP that two ADD operators 
would be required to implement the mitigation protocols. Each ADD Operator would need to 
be a JNCC-accredited MMO and trained PAMS Operator with a minimum of three years’ 
experience in the field. BOWL agreed with Gardline that a third operator would be required 
to support the fairly fast-paced piling activities, but primarily to provide an element of 
contingency in the MMMT should any of the ADD operators have fallen ill or been unable to 
perform their duties. In order to increase the pool of personnel available for the project, it 
was decided the third operator would only require a minimum of one year’s field experience 
as they would be supported by two experienced field staff.  

In relation to reporting requirements, Gardline were responsible for providing regular 
reporting to the BOWL Environmental Clerk of Works (ECoW) throughout the foundation 
installation phase; the templates and timelines of which were established prior to 
mobilisation. A summary of each document type and the details captured in the document is 
provided in Section 4.2. All document types and associated timelines were discussed during 
the pre-job meeting and disseminated to the field staff. 

4.1.2.2 Pre-mobilisation preparation 

On 9th January 2017 a kick-off meeting was held with Gardline, BOWL, SHL, and UoA in 
order to discuss the requirements of the MMMT. On 7th February 2017 a concept meeting 
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was held with the aforementioned parties where the practical implementation of the PS was 
discussed, including a review of the piling task plans in Appendix B of the PS.  

4.1.2.3 Preparation whilst on the HLV Stanislav Yudin 

Once on-board the HLV Stanislav Yudin, it was important to establish clearly defined roles 
for each member of the MMMT and structure of management both within the MMMT and 
between the MMMT, SHL offshore operations team and the ECoW.  

Preparation on-board the HLV Stanislav Yudin therefore involved an induction of SHL’s 
operational crew and BOWL’s Client Representative by the lead ADD operator to describe 
the mitigation protocol and communication requirements. The lead ADD operator established 
and maintained contact with the SHL Operations Assistant Superintendent to ensure lines of 
communications were clear. This contact was especially important as often crew changes 
did not occur in parallel. If new crew, who were not familiar with the mitigation protocol, 
joined the vessel a toolbox talk would be held led by the lead ADD operator.  

4.1.3 ADD deployment 

The procedure for deployment of the ADD was followed according to the ADD Deployment 
Protocol (Appendix B in the PS). This included: 

 Adherence to the task plans set out in the ADD Deployment Protocol and 
documented adaptation of the plans where necessary to ensure effective mitigation 
(circulated to the SHL Project Engineer, Operations Superintendent and Assistant 
Superintendent and ECoW);  

 Ensuring enough devices and spare batteries were available to carry out the 
mitigation in a fail-safe manner; 

 Testing to ensure that the ADD was functioning effectively and monitoring the 
functionality using a suitable software; and 

 Ensuring that the ADD was deployed for the required period and that the correct 
procedure was followed according to either the protocol to be used at the start of 
piling or the protocol to be used for planned or unplanned breaks. 

In line with the PS the ADD was deployed immediately prior to the anticipated 
commencement of each piling event. An ADD Function Test was conducted prior to the first 
ADD deployment at each asset location to ensure the proper functioning of the ADD. The 
ADD Function Test comprised a brief activation of the ADD (typically <1 minute) during 
which the signal emitted was inspected aurally and visually on the PAMS. These periods of 
activation have not been included in the log of total ADD duration. 

There were 16 occasions when the ADD was deployed prior to the anticipated 
commencement of piling however operations did not begin on time due to technical delays. 
In addition, there was one occasion where the ADD was erroneously not reactivated after a 
break in piling. Corrective measures were undertaken to address this immediately: ADD 
Operators were re-briefed on the correct protocol, including a recap on the different 
scenarios under the PMP. Any deviations from the agreed protocol were logged and 
reported to MS-LOT by the ECoW. 

4.1.4 Soft start procedure 

In line with the protocol outlined in the PS, two types of soft starts were conducted during the 
PMP. A full, 20 minute soft start was conducted prior to the installation of the first pin pile at 
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On a daily basis, the MMMT sent Daily Progress Reports (DPRs) to a specified BOWL and 
Gardline recipient list.  

As described in Section 13.3 of the PS and on a weekly basis, Gardline processed PS and 
PPMS compliance reports to the ECoW using the field documents provided by the MMMT. 
The compliance reports were accompanied by other datasets including the hammer logs, 
sightings forms, ADD Function Test in the form of .wav files. These data have been analysed 
and presented as the basis of this Report.  

The ECoW interrogated the reports and then reported on compliance to the BOWL Consent 
and Licensing Team (CLT). The PS and PPMS compliance reports were then issued to MS-
LOT, Marine Scotland Science (MSS) and SNH, together with provision of marine mammal 
observation records and hydrophone files (where requested). The final PS and PPMS 
compliance report (Revision 19 dated 15th December 2017), produced following completion 
of the foundation installation phase, was issued to MS-LOT on 29th December 2017. 

The ECoW reported on compliance throughout the piling phase in the Monthly ECoW 
Compliance Reports submitted to MS-LOT and SNH. Where a NCR had been recorded then 
the ECoW detailed the scale of the non-compliance. The ECoW held monthly compliance 
calls and quarterly compliance meetings in which the PS and PPMS compliance reports 
were listed on the agenda and NCRs were discussed. Should a NCR be of sufficient scale 
then the ECoW would prepare a separate ECoW NCR which included details on the 
incident, the process of notification and the corrective measure undertaken/proposed. The 
ECoW NCR was submitted to MS-LOT for determination in consultation with SNH and MSS. 

4.2.2 Noise registry reporting 

The PS (Section 13.4) sets out the requirement, under the Marine Strategy Regulations 
(2010), to submit interim closeout reports to JNCC and MS-LOT (as the Licensing Authority) 
on a quarterly basis and a completed noise reduction registry form within 12 weeks of 
completion of the piling works. 

The interim closeout reports were submitted on 29th June 2017.  

The completed noise reduction registry form was submitted on 18th December 2017 to JNCC 
and were copied to MS-LOT.  

MS-LOT informed the BOWL CLT by letter that the Marine Licence conditions were 
discharged as follows: 

 19th July 2017: conditions 3.2.3.9 and 3.2.4.7 of the Offshore Transmission Works 
(OfTW) Marine Licence (licence number 04461/16/0), ‘Noise Registry’ were 
satisfied; and 

 26th January 2018: conditions 3.2.2.6 and 3.2.3.5 of the Offshore Wind Farm Marine 
Licence (licence number 04462/16/0) ‘Noise Registry’ were satisfied. 

4.2.3 Final piling report 

Section 13.5 of the PS set out the requirement for a final piling report to be submitted to MS-
LOT on completion of the construction phase. The submission of this Report to MS-LOT 
therefore satisfies the final requirement. 
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5.6 Application of PS mitigation by species 

Under the Consents, the PS needed to demonstrate how mitigation would be provided for 
the following key species: bottlenose dolphin, harbour seal, Atlantic salmon, cod, and 
herring. The following sub-sections summarises the mitigation that was undertaken for each 
of the key species listed in the Consents whilst Section 6.2 in this Report provides a 
summary of the monitoring that was carried out during foundation installation. 

5.6.1 Bottlenose dolphin and harbour seal 

A six-step procedure was taken to minimise the potential for injury to occur to bottlenose 
dolphin and harbour seal during piling (see Section 10.2 of the PS). 

Step 1 (optimised hammer energies) was described in Section 7 of the PS, which presented 
information on the anticipated hammer energies and duration of piling across the 
Development site. Steps 2 to 6 were dealt with via the PMP (Appendix C of the PS) and 
implementation of this is described in relevant sections of this Report.  

The following observations were made in applying the six-step procedure: 

 Step 1: Optimised hammer energies: the average of the maximum hammer energy 
achieved across pin piles was lower than the smallest hammer energy predicted by 
the geotechnical data (1,200 kJ) (see Section 5.3). 

 Step 2: Injury zone: There were no vocalisations recorded using PAM prior to or 
during the piling soft start. In addition, there were no incidental or casual 
observations of marine mammals in the Development site during piling activity (see 
Section 6.1). 

 Step 3: Mitigation protocol: the ADD was deployed during piling as part of the PMP 
(see Section 4.1.3).  

 Step 4: Protocol for planned/unplanned breaks: planned breaks occurred moving 
from one pile to the next, whilst unplanned breaks arose due to either 
technical/mechanical issues or weather downtime; in all cases the protocol was 
adhered to (see Sections 3.4 and 4.1.1). 

 Step 5: Monitoring and auditing: this Report presented data gathered as part of the 
monitoring and auditing system. Section 4.2 provides an overview of the reporting 
undertaken.  

 Step 6: Risk assessment: the assessment in Annex 3 of the PMP (Appendix C of the 
PS) showed that the risk of animals being within a range that would result in death or 
injury was negligible, and the lack of any vocalisations corroborated this as no marine 
mammals were recorded by the PAMS. For harbour seal, a re-assessment of the 
population model based on the Harbour Seal Framework (Thompson et al., 2011) 
showed that even in the unlikely event of death or injury, there would be no long term 
population effect. 

5.6.2 Cod 

Piling did not overlap with key cod spawning period in the Moray Firth in February and March 
(BOWL, 2014a). Therefore, as discussed in Section 10.3 of the PS, no mitigation was 
necessary for cod. 
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5.6.3 Atlantic salmon 

Mitigation measures were not proposed in the PS given that only a small proportion of the 
Atlantic salmon habitat in the Moray Firth would be affected, and that piling noise would not 
form a ‘barrier’ to salmon migration (Section 10.3 of the PS). 

5.6.4 Herring 

The 2014 and 2015 technical herring spawning survey reports (BOWL 2014b and 2016b) 
and final summary report (BOWL, 2016c) demonstrated that the peak herring spawning 
activity occurred in the first three weeks of September and that the spawning occurs in the in 
the spawning grounds to the west of Orkney and the Shetland Islands. Therefore, due to the 
distance from the key spawning ground, subsea noise arising during piling at the 
Development site in the Moray Firth was considered unlikely to affect spawning herring 
(summarised in Section 8.4 of the PS). MS-LOT subsequently confirmed that no piling 
mitigation was required for herring, thus discharging Condition 34 of the S36 Consent (MS-
LOT letter dated 26 February, 2016; [http://www.gov.scot/Resource/0049/00499205.pdf]). 
MS-LOT also confirmed discharge of Condition 27 in relation to monitoring of herring and 
confirmed that no further construction, or post-construction, mitigation or monitoring was 
required. 
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6 Observations and monitoring during foundation installation 

6.1 Observations in the field during implementation of the PMP 

Although the PMP did not require any marine mammal monitoring to be undertaken as part 
of the mitigation plan, it was agreed between BOWL and MS-LOT that the MMMT would 
conduct two daily scans for marine animals outside of PMP dedicated effort. The scans were 
required during daylight hours and good visibility; however, the duration of the scans was not 
specified in the PS. It was subsequently agreed between Gardline and BOWL that each daily 
scan should be one hour in duration, with one performed in the morning and one in the 
afternoon. The daily scan was performed by at least one ADD Operator, dependent on their 
availability and shift patterns. Any sightings during these two daily scans were classed as 
‘incidental’, and recorded in a separate sighting form to any ‘casual’ observations of marine 
animals outside these scans. There were 39 incidental sightings of marine mammals 
(Appendix B) whilst the MMOs were on watch for the daily scans. The species comprised 
harbour porpoise, harbour seal, bottlenose dolphin, humpback whale Megaptera 
novaeangliae, northern minke whale, Risso’s dolphin, and grey seal Halichoerus grypus. All 
sightings occurred outside of piling operations; therefore no mitigating actions were required. 
Of these 39 incidental sightings, 13 occurred in the Development site although none were 
observed during piling activity. The remaining 26 sightings of marine mammals were 
recorded when the vessel was out-with the Development site (e.g. transiting back to port). 

In addition, there were also 19 casual sightings of marine mammals which occurred outside 
of the daily scans conducted by the MMOs (Appendix C). The species comprised harbour 
porpoise, harbour seal, bottlenose dolphin, humpback whale, northern minke whale, white-
beaked dolphin, and grey seal. Of these 19 casual sightings, 16 occurred in the 
Development site although none were observed during piling activity. Therefore, no actions 
were required in respect of mitigation. 

The three most commonly sighted species during the scans were harbour porpoise, harbour 
seal and grey seal (Figure 6-1). Bottlenose dolphins were sited infrequently and other 
species had just one sighting associated with them. These results are reflective of the 
baseline described in the ES/SEIS in terms of which species were most likely to be 
encountered within the Development site. 

PAM undertaken prior to piling and during soft start did not record any vocalisations of 
marine mammals during implementation of the PMP. 
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Figure 6-1 Map showing observations (incidental and casual) during implementation 
of the PMP. (Note: black lines link sightings that were made in one place). 
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6.2 Monitoring and survey programmes 

As described in Section 1.1, under the Consents, an outline of the monitoring that would be 
undertaken for the key species was presented within the PS.  

In relation to marine mammals, BOWL have been participating in, and continues to 
participate in, the strategic regional MMMP for the Moray Firth. Four work packages (WPs) 
were carried out during the foundation installation phase of the Development: 

 WP1: Harbour seal monitoring; 

 WP2: Bottlenose dolphin monitoring; 

 WP3: Monitoring responses to deployment of ADDs and soft start piling; and 

 WP4: Noise measurement and modelling. 

WP1 and WP2 are a continuation of monitoring that had been undertaken pre-construction, 
whilst WP3 and WP4 were undertaken during the foundation installation phase only. 

In relation to key fish species, BOWL have undertaken a number of additional surveys 
including a salmon smolt study (BOWL, 2017c), a pre-construction cod spawning survey 
(BOWL, 2014a) and a post-construction cod spawning survey (BOWL, in prep).  

Full details of the monitoring programme are provided in the Project Environment Monitoring 
Plan (PEMP) v.2.0 (BOWL, 2017d).  
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7 Conclusions 

This Piling Strategy Implementation Report demonstrates that the foundation installation 
phase of the Beatrice Offshore Wind Farm was carried out in accordance with the 
procedures and protocols described in the PS. 

This Report provides detailed information on the implementation of the PMP, with specific 
information on the preparation required by the field team, the ADD deployment approach 
and the soft start procedures. The Report demonstrates the extensive preparation that was 
undertaken to achieve successful implementation of the PMP; highlighting the procedure for 
on-going reporting to MS-LOT throughout the foundation installation phase. 

Analyses of the data gathered in the field demonstrate that, in practice, the average 
maximum hammer energy and total piling duration were below the averages set out in the 
ES/SEIS and also below those predicted by the full geotechnical investigation and presented 
in the PS. The mean values calculated from the field records show that the maximum 
hammer energy was, on average, 1,088 kJ per pin pile, whilst the average duration of piling 
per pin pile was 1 hour 15 minutes (5 hours per asset location). In addition, on no occasion 
did the maximum hammer energy exceed the maximum allowable hammer energy of            
2,300 kJ. 

An assessment of the piling profiles showed that the hammer energy ramped up 
incrementally over time, with only a small proportion of the time (on average 14%) where 
piling was undertaken at the full hammer energy required for a particular location. Therefore, 
impacts on key sensitive species are likely to be considerably lower than predicted in both 
the ES/SEIS and PS. 

Marine mammals observations and PAM made prior to and during piling indicated that there 
were no marine mammals within the Development site during piling, indeed the majority of 
marine mammal observations were recorded outside of the Development site (i.e. transiting 
back to port). The species recorded were typical of the marine mammal baseline described 
for the Moray Firth, with harbour porpoise, harbour seal and grey seal the most frequently 
recorded species. 
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