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Definitions

The following definitions have been used throughout this document with respect to the company, the
consented wind farms and how these definitions have changed since submission of the Moray East
Environmental Statement (Ef8)2012 and the Moray East Modified Transmission Infrastructure (TI) ES in
2014 and the Moray East Offshore Substation Platform (OSP) Environmental Reportin 2017

1

Moray Offshore Windfarm (East) Limited (formerly known as Moray Offshore Renewables
Limited) ¢ the entity submitting thislocument

Moray East Offshore Wind Farathe wind farm currently in development in the Moray East
site (also referred as the Wind Farm);

The Moray East sitethe area in which the Moray East Offshore Wind Fesfocated. Section

36 Consents and associated Marine Licences to construct and operate up to three generating
stations on the Moray East site were granted in March 2014. At that time the Moray East site
gla 1y2e6y a GKS G9FadGdSNYy 5S@St2LISyd ! NBI
as the Telford, Stevenson and MacColl offshore wind farm sites. The Section 36 Consents and
Marine Licences were subsequently varied in March 2018, with the Marine cesen
additionally varied in July 2019, April a@dtober (MacCollNovember (Telford & Stevenson)

2020;

Telford, Stevenson and MacColl wind farmgsthese names refer to the three consented
offshore wind farm sites located within the Moray East site;

Moray East ES 2012, The ES for the Telford, Stevenson and MacColl wind farms and
Associatedrl, submitted August 2012;

Moray East Modified Tl ES 20&4he ES for the Tl works in respect to the Telford, Stevenson
and MacColl wind farms, submitted June 2014;

Moray East OSP Environmental Report 20d#e environmental report comprising of the
G{aGF3SYSyd wS3IFNRAY3I LYLIEAOFIGA2ya F2NJ GKS
produced in support of the application submitted in May 2017 for the Moray East OSieMar
Licence;

Transmission Infrastructure (THincludes both offshore and onshore electricity Tl for the
consented Telford, Stevenson and MacColl wind farms. Includes connection to the national
electricity transmission system near New Deer in Aberdeenshire encompassing Alternating
Current (AC) OSPSC OSP interconnector cables, AC export cables offshore to landfall point
at Inverboyndie continuing onshore to the AC collector station (onshore substation) and the
additional regional Transmission Operator substation near New Deer. A Marine Licence for
the offshore TI was granted in September 2014 (Modified Offshore Transmission
Infrastructure (OfTI) Licence) and variedluly2019and December 2020A further Marine
Licence for two additional distributed OSPs was granted in September 2017 and sulisequen
varied in July 2019. The onshore Tl was granted Planning Permission in Principle in September
2014 by Aberdeenshire Council and a Planning Permission in Principle under Section 42 in
June 2015. In June 2018 Aberdeenshire Council granted Approval tdr81&8pecified in
Conditions for both the cable route and substation;

Offshore Transmission Infrastructure (Ofd}the offshore elements of the TI comprising AC
OSPs, OSP interconnector cables and AC export cables offshore to landfall (for the avoidance
of doubts some elements of the OfTI will be installed in the Moray East site);

The Development the Moray East Offshore Wind Farm and OfTI;

Design Envelope the range of design parameters used to inform the assessment of impacts;

C
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T

OfTI Corridorg the expot cable route corridor, i.e. the OfT| area as assessed in the Moray
East Modified Tl ES 2014 excluding the Moray East site;

Piling Strategy; a collective term used to refer to two documents developed to comply with
condition 11 of the Section 36 Conseatsd condition3.2.2.50f the OfTI Marine Licence and
condition 3.2.2.6 of th®©SP Marine Licence. The Piling Strategies (PSs) were developed prior
to the construction taking place, and set out the proposed method and anticipated durations
of piling activites at all locations, updated impact assessments for marine mammals and fish
species in line with the final project design, and the details of all mitigation measures to
reduce impacts to all marine receptors to be used during the piling activities girtject;

and

Piling Strategy Implementation Repodtthis report, with the aim of confirming that all piling
activities and operations were undertaken in line with the PS, including confirming that all
impacts were within parameters assessed as part ofEBe(and PS), and that all mitigation
measures outlined within the PS were undertaken.

Moray East Offshore Wind Far®ection 368Consents and Marine Licencase comprised of
the following:

Section 36 Consents:

o0 Section 36 Consent for the Telfo@ffshore Wind Farm (as varied on 22 March 2018)
consent under Section 36 of the Electricity Act 1989 for the construction and operation of
the Telford Offshore Wind Farm assigned to Moray East on 19 June 2018.

0 Section 36 Consent for the Stevenson Offehéfind Farm (as varied on 22 March 2018)
¢ consent under Section 36 of the Electricity Act 1989 for the construction and operation
of the Stevenson Offshore Wind Farm assigned to Moray East on 19 June 2018.

o0 Section 36 Consent for the MacColl Offshore Wriadm (as varied on 22 March 2018)
consent under Section 36 of the Electricity Act 1989 for the construction and operation of
the MacColl Offshore Wind Farm assigned to Moray East on 19 June 2018.

Marine Licences

o Marine Licence for the Telford Offshore MiliFarm (as varied) Licence NumbervS
00009051¢ granted under the Marine (Scotland) Act 2010tk Marine and Coastal
Access Act 2009, PartMarine Licensing for marine renewables construction works and
deposits of substances or objects in the Schtfidarine Area and the United Kingdom
Marine Licensing Area transferred to Moray East on 19 July 2018.

o Marine Licence for the Stevenson Offshore Wind Farm (as varladgnce NumbeS
00008985¢ granted under the Marine (Scotland) Act 2010tk Marine and Coastal
Access Act 2009, PartMarine Licensing for marine renewables construction works and
deposits of substances or objects in the Scottish Marine Area and the United Kingdom
Marine Licensing Area transferred to Moray East on 19 July 2018.

0 Marine licence for the MacColl Offshore Wind Farm (as vargedrence NumbeS
00008972- granted under the Marine (Scotland) Act 2010tk Marine and Coastal
Access Act 2009, PartMarine Licensing for marine renewables construction works and
deposits of shstances or objects in the Scottish Marine Area and the United Kingdom
Marine Licensing Area transferred to Moray East on 19 July 2018.

Offshore Transmission Infrastructure (OfTI) Licenceme comprised of the following:

o Marine Licence for the Offshore@ansmission infrastructuréas varied) Licence Number
MS-0000891%; granted under the Marine (Scotland) Act 2016h& Marine and Coastal
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Access Act 2009, PartMarine Licensing for marine renewables construction works and
deposits ofsubstances or objects in the Scottish Marine Area and the United Kingdom

al NAyS [AO0Syaiy3a hNEBIL @NBNRYNNG R OB/ OSE 0ipK S
Marine Licence for two additional distributed OSPs (as varg@d)cence Number
06347/19/0¢ granted under the Maring¢Scotland) Act 2010 &e Marine and Coastal

Access Act 2009, PartMarine Licensing for marine renewables construction, operation

and maintenance works and the deposit of substances or objects in the Scottish Marine
Area and the United Kingdom MarineDl$y 4 Ay 3 | NBI 6 RSPFMaNBREBE R
[ A0Sy 08¢0
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Executive Summary

This Piling Strategy Implementation Report (PSIR) has been prepared by Moray Offshore Windfarm (East)
Limited toprovide information on the piling activities undertaken during the constructiothefMoray

East Offshore Windarm (Moray East)in relation b both the piling parameters and mitigation
requirements as set out within the Piling Strategy (PS), which was a requirement under condition 11 of
the Section 36 Consents, condition 3.2.2.6 of@féshore Substation PlatfornOSR Marine Licence, and
condtion 3.2.2.5 of theDffshore Transmission Infrastructuf@fT) Marine Licence.

The purpose of this PSIR is to provide information on the piling and mitigation that was undetiaken
ensure that the piling was undertaken line with the PSThe paramedrs of piling activity that are the
focus of this PSIR, and that have compared to the predictions (and consented parameters) outlined within
the PS, include piling durations, hammer energies, and hammer blow counts. Additional information has
also been pruided on the overall piling programme.

For the overall piling durationshe pilingat each WTG wasonsiderably shortethan expected, withlthe
majority ofactual duratiors beingless than 20%r between 20% and 40%ss than predicted duratian
The piling duration per phpile was between 70 and 80 minutas27.2% of pirpiles, between 60 and 70
minutesat 18.4% of pimiles and between 80 and 90 minutas 18.8% of pirpiles compared to the
predictedduration of390 minutes Three pirpiles took less than 60 minutes to install, watminimum
piling durationof 47 minutes.

Formaximumhammer energies,hte actualmaximum hammer energieequired were lower than the
consented maximurhammer energyf 2,250 kJin all cases. A total of M¥TGlocationsof the total 103
WTGlocationshadactualmaximum hammer energies close to the consented maximum (80% to dD0%
predicted, while the majority of the piles(=51) recordedactualmaximum hammeenergies of 40%o
60% of the maximum consentdthmmer energyA smaller number of piles (five) recorded much lower
hammer energies (between 20% to 40%) than the consented maximum hammer embighest
requiredhammer energy recordedcross the three phpiles, out d all foundation locationsyas 2,071kJ,
while the lowest hammer energgquired(across the three pipiles, out of all foundation locationsyas
628 kJ, and the averagetualhammer energy across all piles was 1,341 kJ.

For total blow countsagainthe total counts wereconsiderablyiower than expectedpredicted number

of blows wasl6,650, with the majority of the maximum blow counts recorded p&T Gbeing less than
20% of the predicted maximum, and nikéT Gshaving a maximum count of between 20% and 40% of
the expectedblowsper pinpile. The highest blow count recorded was 4,773, while the lowest was 1,364.
The average blow count per ppile was 2352.

Overall, the analysis and comparisons presented within this PSIR showvottsdt,diling parameters, the
piling undertaken was within consented parameteiishin the PS

Mitigation measuresindertakenduringthe piling at Moray East included the usEAcoustic Deterrent
Devices (ADDs) as well as a softtart and rampup procedure, the specifics of which was dependent of
the length of time elapsed from the previous piling bout. There was also a requirement to undertake a
phased pilingorocess, a desiption of which, including the results and success of the phadew), is
included within this PSIR.

The deploymentand activationof ADDs was a core part of the marine mammal underwater noise
mitigation. When requiredADDs werdo be activatedfor five to ten minutes prior to pilingDuring the
piling installationsADDs were deployeaid activatedn a total of 131 occasionwith the majority being
activated for a period dive to six minutes (65.2%). Of these 131 activations (where ADDs wereaaqjuir
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on sevenoccasionghe ADDswere activated formore than ten minutesis agreed with M&OT Each of
these instances was due to a technical issue or fault with the deployment and activation of thés&BDs
section6.2.5and Table6-3 for further information)

In total, 430 ding bouts(identified as piling periods with less than ten minutes between each hammer
blow)were undertaken through the piling programme. Of those piling bouts, 132 required full mitigation,
including ADD deployment, sedtart, and rampup procedures. fie remaining 298 piling bouts required
piling break mitigatior{fas commenced within six hours of the previous piling bowbjich included soft
start procedures only.

The majority of piling bouts commenced with the required five to six ingidt-start blows, with 97.7%
having six initial blows, and 2.1% starting with five blows. On one instance, piling began with only one
initial blow (0.2% of piling bouts), outside of the mitigation protocol. However, this was an agreed
variation to the mitigation proedure (with MSLOT)for location J10.See Section6.2.7.1 for more
information.

The majority of the 430 piling bou(87.4% of all piling boutsindertook a softstart with startinghammer
energy of between 100 kJ and 150 laXurther 11.2% of sofstarts had astartinghammer energy of less
than 100 kJ, and 0.5%ad an starting hammerenergy between 150 kJand 200 kJ in line with the
mitigation prdocol, as set out in the R%or a starting hammer energyf less than 300 kI he remaining
four (0.9%) piling bouts were undertaken with starting hammer energthat exceeded 300 Kdr WTGs
K17 and 120The incidents were raised with the construction team, reported tolMH, and additional
mitigation was undertaken to ensure that no further issues with compliance of thestaft and ramp
up procedures occurredseeSection6.2.7.1for more information

Atotal of 132 piling bouts were undertaken that requirad additionaFamp-up procedureover a period
of 20 minutes as outlined within the P&a the majority ofthesepiling boutsthe rampup took 20 or 21
minutes (45.5% and 32.6%, respectivelgr afurther 17.4% piling boutthe ramp-up wasbetween 22
and 25 minutes, withhe rampup for 1.5%o0f the piling boutgaking longer than 25ninutes. A total of
four instances (3.0%) took less than the required 20 minutes to rapngiue to a technical brealown

of the hammer at WTGs J10, G06 and J19. Agreement was reached wit@ ™8r piling at these WTGs
to continue with no 20 minute rampp. SeeSection6.2.7.1for more information.

The majority of the 132 piling bouts undertook ramap procedureswith hammer energies of between
400 kJand 500 kJ (72.0% of all piling bouts requiring ramp A further 12.1% of rampps had hammer
energesof 300 kJ to 400 kJ, 12.:4th 200 kJ to 300 kJ, and 1.5%ih less than 150 kJ. The remaining
2.3% of piling bouts were undertaken with a ramp that exceeded 500 kJ. For all these occasions, they
were agreed variationgwith MSLOT)to the mitigation procedure.See Section 6.2.7.1 for more
information.

No marine mammals were recorded during times of active mitigatiomf@teh) or piling activity.

11
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1 Introduction

1.1 Overview of the Moray East Project

Moray East is a joint venture partnership betwe@ceanWinds Offshore, Diamond Generating Europe
and China Three Gorgasd has been established to develop, finance, construct, operate, maintain and
decommission the Moray East Offshore Wind Farm (Moray East).

In March 2014, Section 36 Consents were grdrite Moray Offshore Windfarm (East) Limited (Moray
East) for the construction and operation of three offshore wind farms (Telford, Stevenson and MacColl)
within the Moray East site. Mariridcencedor the three offshore wind farms were granted in Septembe
2014 (together the Section 36 Consents and Matireencedor the Wind Farm are referred to as the
Moray East Offshore Wind Farm Consents). $hetion 36Consents were varied in March 20Ihe
Marine Licenses$or Telford, Stevenson and MacColl werdsequentlyvaried in July 201,%nd April
October(MacColland Novembe(Telford & Stevensor020.A Marine Licence for the Modified Offshore
Transmission Infrastructure (OfTI) was granted in September 2014, undiftattiee (Scotland) Act 2010

& the Marine and Coastal Access Act 2009, Partadine Licensing andsubsequently varied iduly2019

and December2020 (Modified OfTI Licence), a Marine Licence for two additional distributed offshore
substation platforms (OSPs) was granted in September 207 sabsequently varied in July 2019
(together these are referred to as the OfTI Marine Licences)

The final design of the Moray East project comprises of 100 Wind Turbine Generators (WTGs), three OSPs,
a total inter-array cable network ofapproximately156 kilometre &m), two interconnector cables
(between the three OSPs), and three subsea export cables to connect to landfall on the Aberdeenshire
coast.

Offshore construction of the Wind Farm started in 2019, with piling operations starting on 19 N8y 20
and completed on 27 February 2020. Piling was undertaken at a total of 103 locations. The piled
foundations, for both WTGs and OSPs, were tripod jacket foundations wiilpm

At the time of writing April 2021) offshore construction is continuinBo date, all pilesand jackethave

been installed, with a thre¢egged jacket being placed over the gnstalled piles at each locatioiihe
WTGsare currently beingnstalled at each location. The three OSP jackets and their topsides have also
been installel. Cable laying andburial activities for the three export cabldsave beermostly completed

with final rock protection works at the OSPs to be completater-array cable installationrs underway

with cable lay and burial, cable pifl, andtesting & termination worksThe drilling of theHorizontally
Drilled Ducts KIDD») is completed and all three export cables have been pulled into the $HfioD
connection with the onshore export cables.

1.2 The Piling Strategy

Under condition 11 of the Sectid@6 Consents, condition 3.2.2.6 of the OSP Marine Licence, and condition
3.2.2.5 of the OfTI Marine Licence, two Piling Strategies (PS) were developed prior to the construction
taking place one for the WTGs and one for the OSPs. The PSs set out the @doputhod and
anticipated durations of piling activities at all locations, the details of-st@iit piling procedures and
maximum hammer energy requirements, as well as detailed information on the mitigation and monitoring
that was to be used during thelimg activities at the Wind Farm and OfTI. The details within each of PSs,
in terms of mitigations and piling parameters were similar a@hdrefore, the rest of the scope will refer

to the two PSs as one document (PS).
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The aim of the PS was to detail thaderwater noise assessments undertaken for the Wind Farm and
OfTl, to outline mitigation that was determined to be required, and to describe how mitigation was
incorporated into the PS to minimise the impacts of underwater noise on marine receptor®Shas
designed to sit alongside other consent condition documeéntdudingthe Construction Programme
(CoP), Construction Method Statement (CM®oject Environmental Monitoringrégramme (PEMP),

and the Environmental Management Plan (EMP).

The PS wasedeloped with the aim of ensuring potential effe¢tsm piling with respect to the species
identified in condition 11of the Section 36 Consent, condition 3.2.2.5 of the OfTI Marine Licence and
condition 3.2.2.6 of the OSP Marine Licenice. bottlenose dolphin3ursiops truncatusharbour seals
Phoca vitulina Atlantic salmorSalmo salarcod Gadus morhuand herringClupea harengyswvere no
worse than assessed in the Moray East (2012) Environmental Statement (ES), and were notezbnsider
significant. Moray East additionally included harbour porpdd®coena phocoenwithin the PS at
request from the Moray Firth Regional Advisory Grgudarine Mammals (MFRABM) subgroup and

as recognition that harbour porpoise was expected to be tlisshtommon European Protected Species
(EPS) within the site.

Within the PS, parameters of the piling activities were set out, such as durations of piling and maximum
hammer energies, as well as the mitigation required to ensure that marine mammals andfistme
species were not significantly impacted by the activities.

1.3 The Piling Strategy Implementation Report

Asper conditionof the Section 36 Consenésd the OfTI Marine Licencdgloray East participate in the
Moray Firth Regional Advisory Group (MFRAGth the purpose of providing detail on any research,
monitoring and mitigation programnsfor marine mammals (and other receptors). Monitoring reports
are required to be provided on complianaith the PS. The purpose of this Piling Strategy Implemantat
Report(PSIR)s to provide information on the piling and mitigation that was undertaken in line with the
details set out within the PS, to confirm that all piling activities were undertaken in line with the PS or to
identify any deviations from the P¥he report also outlireadditional research that has been undertaken

as part of the project.

The aims of tis Piling Strategy Implementation Reparte as follows

1. To report on the implementation of the mitigation measures as outlined in the PS.
2. To provde a summary of the piling activities and parameters, and to provide a comparison
between what was predicted in the PS and actual piling activities, including:
a. the maximum and average hammer energies per pile location, with reference to the
different hammer energies predicted for each pile locatjon
b. the maximum and average piling durations per pile location, with reference to the
different durations predicted for each pile location. This will also include the hammer
energy of the first pile strike
c. theblow counts to complete a pile at each piling location, with reference to the total blow
counts predicted for each pile locatipand
d. softstart and rampup procedures undertaken, including durations and maximum and
average hammer energies.
3. To provide an overview of the additional research projects being undertaken, using monitoring
and piling data collected through the Moray East pittaghpaign

In addition to the above, a higlevel analysis comparg the piling activitiedo that predicted within the
Moray East ES (201Bas been provided il\ppendix 2 This includs a high-level review of hammer

13




Moray Offshore Windfarm (East) Limited
Piling Strategy Implementation Report

energies, piling durations and blow coungscomparison of piling as undertaken, to the parameters as
set out within the Moray East ES (2012) iammer energies, piling durations and pile blow couistir
information purposes only, as the details within the PS (and therefore the focus of this report) supersede
those within the Moray East ES (2012).

Prior to the writing of thisPSIRthe scog of the reportwas agreedwith members of the MFRABM
subgroupthrough the production of Piling Strategimplementation Report Scope documehtat was
distributed to MFRA@/M subgroup members and discussedaamneeting of the MFRA®M subgroup

on 300ctober 2020Following the review of thecope document and meeting discussion, the proposed
scope was accepted by the MFRRI®I subgroupand therefore thisPSIRhas been produced to the
agreed scope.
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2 The Piling Strategy

Within the PS, parameters of thglannedpiling activities were set ouin addition tothe mitigation
required to ensure that marine mammaland relevantfish specieswere not significantly impacted by
the piling activities. Tis report outlines what those pameters and mitigation measures were, and
outlines how the piling undertakewasin compliance with those conditions.

The piling parameters for Moray East weteterminedaccording to the sitespecific seabed sediments,
NEFTSNNBR (2 a Wazif LINPFAT{SAaQd 2 KSNB NBfSOIyids
provided.Section3.2includes information on the number of piles expected under each o$dhl@rofiles.
However, it is important to ote that due to changgin WTGlocationsfollowing the soil profile analysis,

soil profiles arenot available for each pile lodan, particularly in the east of the site, although the number

of piles under each soil profile were expected to be the same as pregénthe PSqeeSection3.2).

2.1 Piling Parameters within the Piling Strategy

Table2-1 providesthe design envelope of piling parameters for the WTGs and OSPs at Moray East. Any
piling event undertaken at Moray East should be within each of these parameét#rsomparisons
undertaken within thisPSIRare against the maximum wsircase values as presented within this table
(highlighted in blue).

Where any of the parameters are difést isdependent on the soil profile present, these are also shown
in Table 2-1. More information on how the soil profiles have been included within this analysis (as
information only) is included iSection3.2.

Table2-1: Piling parameters outlined within the Moray East Piling Strate@galues used within the subsequent
analysis and comparisons are shownfinld and signified with*)

Piling element Parameter

Project description

Number of piles 100 WTGs and three OSPs
Tripod piles = 309 piling events in total

Piling programme May 2019 to April 2020 (12 months total duration)

Number of concurrent piling 2
events

Pile parameters

Maximum pile diameter 2.5m (expected worstase)

Maximum number of piley 3 (expected worstase)
per WTG

Aggregate duration of piling¢ Up to 16 hours (assuming average expected soil conditions, not ‘\wasst
per WTG scenario)

Duration of piling in any 24) Up to 16 hours (or the time it takes to pile one WTG under each soil profile &
hour period out below)

Total cumulative duration o] 63 days (note this refers to time spent conducting piling excludes all nopiling
piling time e.g. moving between locations)

15
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Piling element Parameter

Pile driving parameters (PS)

Soil profiles: 1 2 3 4 5 6 Worst-
case
Maximum hammer energy 1,020 2,250 996 1,020 1,800 1,800 2,250

Kilojoule(kJ)

Total blow counts per pin| 12,080¢ | 13,490¢ | 12,080¢ | 12,080¢ | 13,490¢ | 13,490¢ | 13,490¢
pile (mostprobableg highest| 12,220 16,650 12,220 12,220 16,650 16,650 | 16,650C

expected)

Duration of active piling i 5¢5.1 55¢6.5 | 3.9¢45 5.2* 5.1¢54 | 5.1¢5.2 5.5¢
hours per pinrpile (most 6.5*
probable G highest

expected)

Softstart blows 5¢ 6 blows at 30kX

Maximum rampup hammer| 500kJ
energy

2.2 Mitigation outlined within the Piling Strategy

Table2-2 shows the mitigation methodshat were outlinedwithin the P$to be undertaken for piling
activities at the WTGs and OSPs at Moray Easttion6 of this PSIRrovides information ortompliance
with the requiredmitigation.

Table2-2 Mitigation requirements outlined within the Moray East Pilin§trategy

Mitigation element  Method ‘

Herring

Seasonal restrictions| No piling for a maximum of 16 days during August and Septémber

Underwater noise¢ marine mammals and fish

Acoustic Deterrent | Deploy for 5 10 minutes prior tiling?

Device (ADD) ADDs to be deployed before the first pile of the three in a jadkéttey are installed
directly after the preceding pile

Softstart Initial 5¢ 6 blows with a hammer energy as low as practically possiblekB00 less)
Ramp upcontinueswith blow energies remaining at less than 500 kJ for 20 minutes

Hammer energies Minimise hammer energies at levels sufficient for pile, resulting in energy g
throughout the piling operation

Breaks in piling Less than 10 minutespiling may continue as before

Between 10 minutes and 6 hours = recommence piling wigh6Slows at low energy
and continue to ramaup energy levels to required level

Breaks more than 6 hours, undertake entire mitigation procedure

Phased piling Not exceding 28 days, where combination of Marine Mammal Observers (MM
Passive Acoustic Monitoring (PAM) and ADDs are used

1 Note that following approval of the PS, it was agreed with M that the seasonal herring restrictions were not required
during construction. Further information provided within t&ection6.1 of the report.

2 Note that following approval of the PS, it was agreed that ADD deployments could be extended up to 15 minutes. Further
information provided irSection6.2.50f the report.
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2.3 Monitoring outlined within the Piling Strategy

Table2-3 shows the monitoring methodshat were outlinedwvithin the PSto be undertaken during piling
activities at the WTGs and OSPs at Moray Esttion8 of this PSIRorovides further information on
compliance with these monitoring requirements.

Table2-3 Monitoring requirements outlined within theMoray East Piling Strategy

Monitoring element Method

Underwater noise

Underwater noise monitoring Seabed mounted noise recorders to monitor and record noise levels d
piling. This to be used to validate conclusions of $ueind Exposure Lev
(SElpredicted marine mammal injury zone, for both near and far field.

Marine mammals

Harbourporpoise- ADDs To validate responses predicted bfrbour porpoise to ADDs. Seabg
mounted passive acoustic monitoring data loggers placed around a pil
and at distance.

Compliance monitoring

Underwater noise Reporting to the Noise Registry.
Marine mammal and fish Compliance reporting to demonstrate correct use of ADDs andssaft
procedures.

3 Excluding herring seasonal restrictions which were not required.
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3 Methodology of the Piling Strategy Implementation Comparisons and
Analysis

3.1 Overview of the Data Used

In order to confirm compliance with the PS through &Ranalysefiave been undertakeron the piling
records, ADD and PAM reports. The data used withirPtBEncludes the following information:

pilinglogs for each WTG and QSP

ADD and PANEports,

Ecological Clerk of Works (ECoW) Compliance Reporting

piling log summary by piling bout with ADD activation (one bout is defined as piling undertaken
with less than @en minute break in piling)this has been provided by Aberdeen Universiyd

1 soilprofiles.

1
)l
1
1

Asoutlinedin Section2, due to a change in locatidor someof the WTGs, soil profiles were not known
for all locations particularly those in the east of the site

The piling parameters used for the purposestod PS were identified according to the sigecific soil
profiles. Geotechnical data collected during a ground investigation survey was used to classify each pile
location into one of six representative soil profile groups. Where relevant, the differkmg parameters

for each soil profile have been providedTable2-1.

Table3-1 includes the soil profileand thepercentage of pile locationthat were expected to be within
each soil profile group. This data was then used to inform the PS. This initial ground &iiessgrvey
did not cover all parts of the Moray East site, because at the time it was not intended to deostap
parts of the sitedue to the water deptlin some parts of the site being too deep for the type of foundation
design beingonsidered at tht time. Following evolutiorof Front End Engineering DesidgiEEPstudies
and appointment of a preferred foundations and substructures EPCI conjaict@as concludedthat
some parts of the sitéhat hadoriginallybeendiscounted coulde developed.

Table3-1 Soil profile types and proportion of each expected across the Moray East site

Soil Profile Soil / sediment type Proportion of Moray East with thi
soil profile

Profile 1 Sand /clay 32%

Profile 2 Clay / sand 17%

Profile 3 Clay / sand / clay 8%

Profile 4 Sand 21%

Profile 5 Clay 8%

Profile 6 Sand / clay / sand 14%

Thissubsequent design change to include development of additiaredsof the site resulted in further
ground investigation surveys being undertakéo obtain data for the pile locations not previously
surveyed. Data from these surveys was asedyon beh# of Moray East by the piling installation
contractor in order to inform their piling methgéowever, these pile locations were not assigned to one
of the soil profile groups identified following the original surveys. Analysis of the geotechnical dataey
indicated that the ground conditions at tee pile locations were not significantly different from the
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conditions at the pile locations which had been assigned a soil profile group. Therefore, the percentage
distribution of pile locations between dqgirofile groups, and the woratase scenarios presented in the
PS for piling duration and hammer energi@gas expectedo remainapplicable to theepile locations.

Although detailed geotechnical data was collected for all pile locations, a saikepgodup categosation

is not available for each pile location, particularly those locations in the east of the site. Ahaly/bisen
undertaken per soil profile, including all pile locations where a soil profile is available. Where soil profiles
are rot available for a pile locatiopjle locationshave beercategorsed accordingo the hammer energy
recorded at that pile, and the number of pile locations that are expected for each profile

3.2 Comparisons

For each of the piling parameters, tieategoriesshown inTable3-2 have beerapplied to show clearly
the difference in what was expectdzhsed on the R&nd what wasctuallyrequiredduring piling

Table3-2 Categories usedbr the comparisons of piling parameters

Comparison to predictionn PS Category shown in analysis tables

Less than 20% of prediction

Between 20% and 4086 prediction

Between 40% and 60% of prediction 40-60%
Between 60% and 80% of prediction 60-80%
Between 80% and 100% of prediction 80-100%

4 Soil profiles determined the hammer energy; therefore, for locations without the knowpsdile, the actual hammer energy
that was required can give an indication of the probable soil profile when compared to hammer energy used at locations with
known soil profiles, as well as taking into account the number of pile locations expected fhifféhment types of soil profiles,
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4 Foundationinstallation Methodology

There are a total of 100 WTG foundations and three OSP foundations within the Windsfarihe
location of these within the Wind Farm site are showifrigure 41.
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Figure4-1 Location of WTG and OSP foundations within the Wind Farm Site

4.1 Overview oPiling Activities

7

The WTG supporting foundation and substructigse & 0SSt € I G ( A, Cofnpridedl bfthieS G Q a G !
braced legs each with a groutednnection topre-driven tubular pirpiles. There are four design variants

for the selected jacket type across tiiéind Farm to accommodate water depth variation. Pile size (length

and/or wall thickness) also viasacross the site depending on the particular soil condition at each of the

WTG locations.

Piling activities commenced on th® May 2019nd were completedon 27 February 2Q0, therefore
taking place over a period ofne months.
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A total ofthree to fourvessels were used through the piling operations, and were present at the Wind
Farm site throughout the piling period

1
1
1

pin-pile support vessel (a platform gply vessel, 88n in length);

pin-pile installation vessel (a heavy lift jagk vessel, 8n in length);and

at least one(up to two)guard vessés) present during the piling campaign at all times-{8m
in length)

The general piling operations were undertaken as followgach locatiorfFigure 42):

1.

w

the pinpile installation vessel arridgeat the foundation location, andias positioned in readiness
for pile installation by jacking upn a predetermined position

the three pinpileswere stabbed into the seabed with the use of a pilstallation template
oncein place, the three pipileswere then driven into the seabed, to the target depth

the pile installation templatevas then recovered, and the pipile installation vessel modeto
the next foundation location

Figure4-2 Examples of foundation installation process at Moray East
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5 Foundation Installationlmplementation

The following sections outline the more-depth analysis thahas beercompleted on specific aspects of
the piling activities, including:
1. The pilingprogramme

0 installation sequence

0 concurrent pilingand

0 breaks in piling
Piling durations
Piling hammeenergies
Pile blow counts

Pile profiles and

L T

Pile refusal and relief drilling

5.1 Piling Programme

The pilingduration was predicted to be approximately 12 months within the R&wvever, piling was
completed withina period ofnine months (284 dayskiling was undertaken on 132 day$6(5% of the
284days. The total number afctivepile-driving hours(where thehammerwasoperating)was 416.3 (less
than 1735 days 13.1% of thel32 active piling days)Days on which no piling was undertaken were
typically due totime spent transiting between locationgeather or technical downtimeor the piling
vessel being resupplied

On the 132 active piling daythe averageactive piling time was 189.2 minutes,tivthe maximum piling
time on any one dagf 503.3 minutes, and the minimum active piling time on anywag19.6 minutes.
The most typical active piling time (median for the active piling days) was 196.3 miGuigh5-1 shows
the number of minutes of piling per day, throughout t884 daypiling period. This shows a humber of
small gaps in piling, intersected with smaller piling periods, with a lgagein the piling period through
September and the first half of Octob2019 This gap wasgnitially due to a technical fault with the
hammer, followed bydelays orpile supply from one of the manufacturessd resulted in the suspension
of pilingwhile the issuewereresolved.

On each day of active pilid32 days)an average of 1.WTGswere piled, with the majority of days
(n=117; 88.6€06) havingonly one WTGlocation piled,and 11.5% (n=15)of dayshavingtwo WTGsbeing
piledin aday Graph5-2).

Througlout the piling period, an average of 2o-piles were piled each day of active pilir@@gréph5-3),
with an average of 3.3 piling bouts per active piling dasaph5-4). The maximm number ofpin-piles
piledin oneday, and the maximum number of separate piling bouts, wghsiwever, more commonly
(median of active piling days) thrgen-piles were piled each day, and there were three separate piling
bouts.

5.1.1 Concurrent Piling

The PS stated that up to twgin-piles could be installed at one time. However, no concurrent piling was
undertaken throughout the piling programme.
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Minutes of piling per day through the piling programme
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Graph5-1 Piling time (in minutes) per day throughut the piling programme
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Graph5-2 Number of foundation locations piled per day througiut the piling programme
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Number of pin piles piled per day through the piling programme
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5.2 Piling Durations

The overall timing of construction activities for the WTG foundation installation can vary significantly
depending on a number of factoedthe overall time taken for driving eagsin-pile (i.e. period when

the piling hammer is in use) will generally only vary with soil conditions. In addition to predicting hammer
blow energies, the pile driveability analysis prowde the PQstimated the duration ofthe continuous

pile driving required for @in-pile in each of six soil profile§able2-1 gives the typical estimated driving
durations fora typicalpin-pile in each of the characteristic soil profilestlined in the PS

For operational reason¢he pile driving duration (for eagbin-pile) may not be continuous as, depending
on operationakequirements driving may be suspended on a singjle-pile prior to achieving target depth
(to undertake relief drilling, commence piling an adjacquib-pile, add a pile follower or other
intervention) before returning to finish driving to depth.

Table5-1 shows a comparison of the predicted piling duratiopseflicted maximumof up to 16 hours
per WTGlocation, or up to 6.5 hours per pipile) to the piling durations recorded during the foundation
installation. The comparison shows that the piling duratipes pintpile were considerably shortethan
expected, withthe majority ofthe durations beindess than 20%e.g. less thair8 minuteg or between
20% and 40%ge.g.78 ¢ 156 minute$ of the predicted maximunpiling time of 6.5 hours (390 minutes)
per pinpile. One pinpile took2.7 hours 41.5%0f the predicted maximunworst-casepiling time

Graph5-5 shows that thetypical piling duration per pirpile was between 70 and 80 minutes (27.2% of
pin-piles), with between 60 and 70 minutesquired for 18.4% of pirpiles and between 80 and 90
minutes required for 18.8% of pirpiles. Three pirpiles took less than 60 minutes to install, wih
minimum piling duratiorof 47 minutesfor one pinpile.
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Table5-1 A comparison of the predicted andctual piling durations(colours in line with categorisations as shown Trable3-2; [ESSihan 209 ot predicte 20409l predictec 40-

60% of predicted60-80% of predicted80-100% of predictedand GICHNENIIOOUIOHBISEIBEE ¢.ctive piling durations)

Comparison to maximum

Durations of piling (in minutes) Comparison to predicted soil profile durations estimated
Average Predicted soil Predicted Difference Difference to
Longest Total duration profile maximum to predicted most
Pin-pile duration of | duration for | for the [estimated soil | durations predicted probable Difference to predicted
the three pin- all three three profiles are for soil maximum duration for maximumduration (of 6.5
Turbine | Aft Fore MP piles pin-piles pin-piles  symbolised by *] profile duration average at WTG hours, 390 mins)
1*
B02 73| 97| 94 97 264 88 2 390 25.0%
B0O3 68| 68| 74 74 210 70 2 390 18.9%
BO4 56| 54| 64 64 173 58 6 312 20.4%
B0O5 73| 80| 82 82 235 78 2 390 20.9%
B13 75| 76| 90 90 241 80 1 306 29.5%
B14 75 72 77 77 224 75 5 324 23.9%
C02 69| 63| 92 92 223 74 6 312 29.4%
co4 57| 60| 58 60 175 58 2 390 15.3%
C05 47| 51| 56 56 155 52 6 312 18.1%
Cco7 78| 70| 103 103 252 84 6 312 33.2%
Co08 64 68 79 79 211 70 4 312 25.2%
C09 71 82 78 82 231 77 4 312 26.2%
C10 55 59 75 75 188 63 2 390 19.2%

SBased on known profilder each location, and defined accordinghie expectechumber in each profile for unknovmcations (see Section 3.2 for further details on how profiles were assigned to locations
not originallyclassified into a soil profile)




Durations of piling (in minutes)

Average
Longest Total duration
Pin-pile duration of | duration for  for the
the three pin all three three
Turbine Aft Fore MP piles pin-piles pin-piles

Comparison to predicted soil profile

Predicted soil
profile
[estimated soll
profiles are
symbolised by *]

Predicted Difference
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Comparison to maximum
durations estimated

Difference to
predicted most
probable Difference to predicted
duration for maximumduration (of 6.5
average at WTG hours, 390 mins)
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Comparison to maximum
Durations of piling (in minutes) Comparison to predicted soil profile durations estimated

Average Predicted soil Predicted Difference Difference to
Longest Total duration profile maximum to predicted most
Pin-pile duration of | duration for  for the [estimated soil | durations predicted probable Difference to predicted
the three pin- all three three profiles are for soil maximum duration for maximumduration (of 6.5
Turbine | Aft Fore MP piles pin-piles pin-piles  symbolised by *] profile duration average at WTG hours, 390 mins)

PlRPlO|lW| W O ||
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Comparison to maximum
Durations of piling (in minutes) Comparison to predicted soil profile durations estimated

Average Predicted soil Predicted Difference Difference to
Longest Total duration profile maximum to predicted most
Pin-pile duration of | duration for  for the [estimated soil | durations predicted probable Difference to predicted
the three pin- all three three profiles are for soil maximum duration for maximumduration (of 6.5
Turbine | Aft Fore MP piles pin-piles pin-piles  symbolised by *] profile duration average at WTG hours, 390 mins)
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Comparison to maximum
Durations of piling (in minutes) Comparison to predicted soil profile durations estimated

Average Predicted soil Predicted Difference Difference to
Longest Total duration profile maximum to predicted most
Pin-pile duration of | duration for  for the [estimated soil | durations predicted probable Difference to predicted
the three pin- all three three profiles are for soil maximum duration for maximumduration (of 6.5
Turbine | Aft Fore MP piles pin-piles pin-piles  symbolised by *] profile duration average at WTG hours, 390 mins)
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Comparison to maximum
Durations of piling (in minutes) Comparison to predicted soil profile durations estimated

Average Predicted soil Predicted Difference Difference to
Longest Total duration profile maximum to predicted most
Pin-pile duration of | duration for  for the [estimated soil | durations predicted probable Difference to predicted
the three pin- all three three profiles are for soil maximum duration for maximumduration (of 6.5
Turbine | Aft Fore MP piles pin-piles pin-piles  symbolised by *] profile duration average at WTG hours, 390 mins)
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0 Histogram of Total Duration for Each Pin-Piles
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Graph5-5 Histogram for total piling durations for each pipile

5.3 Pile Hammer Energies

As shown inrable 52, different hammer energy requirements were predicted to be required across the
Wind Farm site, dependant on the soil profile of tWéTGlocation, within the maximum consented
hammer energy of 2,25kJ.

For the worst case analysis (itgghestexpected senario) as evaluated in the PS, piles driven at three of
the sixsoil profiles (profiles 1, 3 and 4yere expected to reach the target depth using less tha®B80kJ
however, piles driven irprofiles 2, 5, and &vere predicted topotentially encounter early refusal at this
blow energy leveand would therefore, require a hammer energy of up to 2,2%0 For all pile driving
locations the pile would only be driven using the upper end of the hammer engrggictedfor a short
period (if at all) in the latter period of pile drivingesulting in the maximum hammer energy of 2,250
being used as little as possible

Table5-2 shows the predied hammer energies required dependent on soil profile present, as well as
the expected number of foundations within each category. These expected number of foundations within
each soil profile and the maximum hammer enepggdictedto be required at eackocation, were used

to estimate the soil profile of all foundations installed where they were not previously known.

Table5-2 Estimated number of piles under each soil profile, and their most probable and maximum hammer
energies

Profile 1 Profile 2 Profile 3 ‘ Profile 4 Profile 5 Profile 6
Estimated % of WTG 32% 17% 8% 21% 8% 14%

Number of WTGs (based o
estimated %) 33 18 8 22 8 14




Profile 1

Profile 2
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Profile 3

Profile 4

Profile 5 ‘ Profile 6 ‘

Most probable (kJ)

660

1800

636

1020

900

1140

Highest expected (kJ)

1020

2250

996

1020

1800

1800

However, once construction began at the Wind Farm site, it was found that the seabed characiafristics
some locations varied from what was initiadtypected with some locations having a softer than expected
soil profile, and somdocationshaving hardethan expectedsoil profiles Subsequently, thited to some
changes in the predicted hammer energy (as well as blow count) requirements.

Table5-3 providesan indicationof soil profiles, based on theactualhammer energies recorded during
piling. When comparing this to the predicted number of foundations within each soil profile, significantly
more foundationswere expectedto be in soil profiles 5 and 6, and significantly lessaihprofiles 1 and

4, then was predicted during the PBor this reason, a number of locations exhibited a higher hammer
energy requirement thawasinitially predicted in the PS

Table5-3 Number of piles within the hammer energy defined for each profile (or set of profiles) based on the
highest expected hammer energy

Max energy up to Max energy up to Max energy up to Max energy up to

996 kJ (Profile 3) 1,020kJ (Profiles 1 and 4] 1,800kJ (Profiles 5 and 6, 2,250kJ (Profile 2)

Number of
WTGs 15 3 72 13
% of WTG 15% 3% 70% 13%
Difference from

0, | 0, 0, -0,
predicted (%) 7% 50% 48% 4%

Table5-4 shows a comparison of the predicteteximumhammer energies (with a maximum consented
hammer energy of 250kJ) to theactualmaximumhammer energiesequiredat eachpin-pile location
during the foundation installation. The comparisogses the maximum pipile hammer energy at each
WTG, andhows thathe maximumhammer energiesequiredwere lower than the consented maximum
in all cases. A total of 1@in-piles had maximumhammer energiesof more than80% of the maximum
hammer energyi.e. more than1,800kJ), a number obin-piles had hammer energies of between 60%
and 80% of the maximum consentedmmerenergy(n= 34; 1,35@; 1,800kJ) while the majority of the
pin-piles f=51)required maximum hammeznergies of 40% to 60% of the maximaonsented hammer
energy(900 ¢ 1,350kJ) A smaller number opin-piles (five)required much lowermaximumhammer
energiesof between 20%and40%)of the consented maximurhammerenergy (0 ¢ 900kJ)

The highestmaximumhammer energyequiredwas2,071kJ, while the lowest maximum hammer energy
requiredwas 628J and the average maximum hammer energy acrogsiraipiles was 1B41kJ.

Although a number ofin-piles(at 55 foundationsyequireda maximum hammeenergy highethanwas
initially predicted to be required, based on the soil profile analysis presented at the PSatagere less
than the maximum consented hammer enerfy2,250kJ
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Table5-4 A comparison of the predicted anectualmaximum hammer energiegcolours in line with categorisations as shown Trable3-2; [ESSiHaniBYsi0n predicte: 2009aIa
PrEdicien, 20-60% of predictec60-80% of predicted80-100% of predictedand iICHNENIIO0IONBISHIBEE ch2ximum hammer energies)

Comparison to maximum

Hammer energy (kJ) Comparison to predicted soil profife hammer energy consented
Turbine Pin-pile : Averagt_a of Pr_edicteq soil Predicted Difference to Diff(_erence to : :
Maximum three pin- profile [estimated maximum . predicted most Difference to predicted
at WTG piles at soil profiles are hammer energy prgdlcted probable kJ for maximumkJ (of 2,250 kJ)
S| bR WTG symbolised by *]  (kJ) for soil profile UEEIIHILS average at WTG
AO1 | 810 | 1014| 1010 1014 945 1 1020 99.4% 143.1% 45.1%
A02 | 1307 | 1212 1303 1307 1274 1* 1020 128.1% 193.0% 58.1%
B0O2 | 1220 1309 | 1045 1309 1191 2 2250 58.2% 66.2% 58.2%
BO3 | 930 | 918 | 1065 1065 971 2 2250 47.3% 53.9% 47.3%
B04 | 1032| 1025| 1014 1032 1024 6 1800 57.3% 89.8% 45.9%
BO5 | 1408 1121 1402 1408 1310 2 2250 62.6% 72.8% 62.6%
B13 | 1311| 1522 1520 1522 1451 1 1020 149.2% 219.8% 67.6%
B14 | 1409| 1220 1407 1409 1345 5 1800 78.3% 149.5% 62.6%
C02 | 1140 1211 | 1126 1211 1159 6 1800 67.3% 101.7% 53.8%
C04 | 813 | 815 | 826 826 818 2 2250 36.7% 45.4% _
C05 | 850 | 823 | 917 917 863 6 1800 50.9% 75.7% 40.8%
CO07 | 1124| 1097|1201 1201 1141 6 1800 66.7% 100.1% 53.4%
C08 | 1116| 1125|1218 1218 1153 4 1020 119.4% 113.0% 54.1%
C09 | 1141| 1103|1291 1291 1178 4 1020 126.6% 115.5% 57.4%
C10 911 | 973 | 881 973 922 2 2250 43.2% 51.2% 43.2%
C11 | 1526| 1327 | 1415 1526 1423 2 2250 67.8% 79.0% 67.8%

6 Based on known profilg®r each location, and defined accordinghe expecteciumber in each profile for unknovmcations (see Section 3.2 for further details on how profiles were assigned to locations
not originally ¢assified into a soil profile)
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Comparison to maximum

Hammer energy (kJ) Comparison to predicted soil profife hammer energy consented
Turbine Pin-pile : Average of Predicteq soil PreQicted Difference to Diffgrence to : :
Maximum three pin- profile [estimated maximum : predicted most Difference to predicted
at WTG piles at soil profiles are hammer energy pre_dlcted probable kJ for maximumkJ (of 2,250 kJ)
Aft  Fore MP WTG symbolised by *]  (kJ) for soil profile UML) average at WTG
Cl2 | 994 | 800 | 1027 1027 940 3 996 103.1% 147.9% 45.6%
C13 | 1466| 1441 | 1810 1810 1572 1 1020 177.5% 238.2% 80.4%
Cl1l4 | 1419| 1216 1008 1419 1214 6 1800 78.8% 106.5% 63.1%
C15 829 | 1103| 1123 1123 1018 1 1020 110.1% 154.3% 49.9%
C16 | 1119| 1201|1015 1201 1112 5 1800 66.7% 123.5% 53.4%
D04 | 1844| 1838 | 1833 1844 1838 2 2250 82.0% 102.1% 82.0%
D05 912 | 1154 1106 1154 1057 2 2250 51.3% 58.7% 51.3%
D06 628 | 527 | 531 628 562 2 2250 27.9% 31.2% _l
D07 | 1299| 1005 | 1005 1299 1103 6 1800 72.2% 96.8% 57.7%
D08 | 1371| 1472 1408 1472 1417 4 1020 144.3% 138.9% 65.4%
D09 926 | 923 | 942 942 930 4 1020 92.4% 91.2% 41.9%
D10 913 | 1224 | 928 1224 1022 4 1020 120.0% 100.2% 54.4%
D11 | 1685| 1524 | 1633 1685 1614 4 1020 165.2% 158.2% 74.9%
D12 | 1695| 1805 | 1839 1839 1780 2 2250 81.7% 98.9% 81.7%
D13 | 1123 1068 | 1165 1165 1119 1 1020 114.2% 169.5% 51.8%
D14 | 1216 1135] 1513 1513 1288 4 1020 148.3% 126.3% 67.2%
D15 | 919 | 1061 | 911 1061 964 3 996 106.5% 151.5% 47.2%
D16 | 1033| 938 | 1030 1033 1000 1 1020 101.3% 151.6% 45.9%
D17 | 1119) 1207 | 1217 1217 1181 1 1020 119.3% 178.9% 54.1%
EO04 | 890 | 973 | 907 973 923 2 2250 43.2% 51.3% 43.2%
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Comparison to maximum

Hammer energy (kJ) Comparison to predicted soil profife hammer energy consented
Turbine Pin-pile : Average of Predicte_d soil PreQicted Difference to Diffgrence to : :
Maximum three pin- profile [estimated maximum : predicted most Difference to predicted
at WTG piles at soil profiles are hammer energy pre_dlcted probable kJ for maximumkJ (of 2,250 kJ)
Aft  Fore MP WTG symbolised by *]  (kJ) for soil profile UML) average at WTG
EO5 | 985 | 621 | 934 985 847 2 2250 43.8% 47.0% 43.8%
E14 | 1402 | 1325| 1317 1402 1348 1 1020 137.5% 204.2% 62.3%
E18 | 1218 1434 | 1426 1434 1359 1 1020 140.6% 206.0% 63.7%
E19 | 1106| 1216 | 1508 1508 1277 1 1020 147.8% 193.4% 67.0%
FO4 | 1436 1122 | 1620 1620 1393 4* 1020 158.8% 136.5% 72.0%
FO8 | 1606 | 1634 | 1660 1660 1633 2 2250 73.8% 90.7% 73.8%
F2 1407 | 1523 | 1409 1523 1446 4 1020 149.3% 141.8% 67.7%
G® 1044 | 942 | 1015 1044 1000 1* 1020 102.4% 151.6% 46.4%
(€]05) 1428 | 1348 | 1115 1428 1297 4* 1020 140.0% 127.2% 63.5%
G07 2015| 2045 1951 2045 2004 4 1020 200.5% 196.4% 90.9%
G08 | 1825| 1631 | 1823 1825 1760 4 1020 178.9% 172.5% 81.1%
G® 2025| 2071 | 1933 2071 2010 5 1800 115.1% 223.3% 92.0%
G10 | 1727| 1562 | 1901 1901 1730 3 996 190.9% 272.0% 84.5%
Gl | 1625|1835 1913 1913 1791 3 996 192.1% 281.6% 85.0%
G13 | 1013| 1065 | 1008 1065 1029 5 1800 59.2% 114.3% 47.3%
G155 908 | 1027 | 1309 1309 1081 1 1020 128.3% 163.8% 58.2%
G16 909 | 811 | 721 909 814 1 1020 89.1% 123.3% 40.4%
G17 | 1548| 1524 | 1619 1619 1564 5 1800 89.9% 173.7% 72.0%
1111 1199 1105 1199 1138 6 1800 66.6% 99.9% 53.3%
1025| 922 | 1201 1201 1049 3 996 120.6% 165.0% 53.4%
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Comparison to maximum

Hammer energy (kJ) Comparison to predicted soil profife hammer energy consented
Turbine Pin-pile : Average of Predicteq soil PreQicted Difference to Diffgrence to : :
Maximum three pin- profile [estimated maximum : predicted most Difference to predicted
at WTG piles at soil profiles are hammer energy pre_dlcted probable kJ for maximumkJ (of 2,250 kJ)
Aft  Fore MP WTG symbolised by *]  (kJ) for soil profile UML) average at WTG
G20 | 1227|1228 1148 1228 1201 1 1020 120.4% 182.0% 54.6%
G21 | 1429| 1402 | 1317 1429 1383 4 1020 140.1% 135.6% 63.5%
G22 | 1208| 1215 1206 1215 1210 4 1020 119.1% 118.6% 54.0%
HO5 774 | 821 | 761 821 785 3* 996 82.4% 123.5% _
HO6 | 1626 | 1454 | 1439 1626 1506 4* 1020 159.4% 147.7% 72.3%
HO7 | 1021 1026 | 1014 1026 1020 1* 1020 100.6% 154.6% 45.6%
HO8 | 1427 | 1441 | 1324 1441 1397 6 1800 80.1% 122.6% 64.0%
HO9 | 1124 1031 | 1026 1124 1060 5 1800 62.4% 117.8% 50.0%
H10 | 1544 | 1760 | 1621 1760 1642 5 1800 97.8% 182.4% 78.2%
H11 | 1919| 1840 | 1832 1919 1864 5 1800 106.6% 207.1% 85.3%
H13 993 | 915 | 901 993 936 1* 1020 97.4% 141.9% 44.1%
H14 | 1006 | 1002 | 1011 1011 1006 1 1020 99.1% 152.5% 44.9%
H16 | 722 | 710 | 1311 1311 914 6 1800 72.8% 80.2% 58.3%
H17 | 1524 1424 | 1194 1524 1381 4 1020 149.4% 135.4% 67.7%
H18 | 1317|1226 1371 1371 1305 4 1020 134.4% 127.9% 60.9%
H19 | 1784| 1710| 1619 1784 1704 2 2250 79.3% 94.7% 79.3%
H20 | 917 | 1012| 923 1012 951 1 1020 99.2% 144.0% 45.0%
H21 | 1411|1101 | 1032 1411 1181 1 1020 138.3% 179.0% 62.7%
H22 | 1438| 1748 | 1210 1748 1465 6* 1800 97.1% 128.5% 77.7%
106 | 1304 | 1325| 1109 1325 1246 1* 1020 129.9% 188.8% 58.9%
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Hammer energy (kJ)

Comparison to predicted soil profife

Comparison to maximum
hammer energy consented

Turbine Pin-pile : Average of Predicteq soil PreQicted Difference to Diffgrence to : :
Maximum three pin- profile [estimated maximum : predicted most Difference to predicted
at WTG piles at soil profiles are hammer energy pre_dlcted probable kJ for maximumkJ (of 2,250 kJ)
Aft  Fore MP WTG symbolised by *]  (kJ) for soil profile UML) average at WTG
107 | 1841| 1647 | 1838 1841 1775 6* 1800 102.3% 155.7% 81.8%
118 834 | 1125 1194 1194 1051 4 1020 117.1% 103.0% 53.1%
119 1220 | 1241 | 1221 1241 1227 2 2250 55.2% 68.2% 55.2%
120 1205 | 1463 | 1301 1463 1323 5 1800 81.3% 147.0% 65.0%
Jor 1295 | 1269 | 1360 1360 1308 1* 1020 133.3% 198.2% 60.4%
J®B 900 | 939 | 817 939 885 1* 1020 92.1% 134.1% 41.7%
JO 1665 | 1647 | 1652 1665 1655 4* 1020 163.2% 162.2% 74.0%
J10 1754 | 988 | 824 1754 1189 6* 1800 97.4% 104.3% 78.0%
J12 1028 | 935 | 926 1028 963 1* 1020 100.8% 145.9% 45.7%
J13 807 | 836 | 800 836 814 3* 996 83.9% 128.0% _l
J14 830 | 1027 | 995 1027 951 1* 1020 100.7% 144.0% 45.6%
J16 816 | 913 | 910 913 880 1* 1020 89.5% 133.3% 40.6%
J17 | 1821 1909 | 1613 1909 1781 6* 1800 106.1% 156.2% 84.8%
J18 | 1638| 1529 | 1410 1638 1526 4* 1020 160.6% 149.6% 72.8%
J19 1919 1917 1791 1919 1876 2* 2250 85.3% 104.2% 85.3%
K09 | 1404 | 1715| 1401 1715 1507 4* 1020 168.1% 147.7% 76.2%
K10 | 1310| 1426| 1345 1426 1360 1* 1020 139.8% 206.1% 63.4%
K11 | 728 | 728 | 710 728 722 3* 996 73.1% 113.5% _
K16 | 1237 | 1310 1198 1310 1248 1* 1020 128.4% 189.1% 58.2%
1217 | 1226| 1234 1234 1226 1* 1020 121.0% 185.7% 54.8%
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Comparison to maximum
hammer energy consented

Turbine Pin-pile Average of Predicted soil Predicted Difference to Difference to
Maximum three pin- profile [estimated maximum redicted predicted most Difference to predicted
at WTG piles at soil profiles are hammer energy mF;ximum KJ probable kJ for maximumkJ (of 2,250 kJ)
Fore MP WTG symbolised by *]  (kJ) for soil profile average at WTG
L09 925 | 925 | 717 925 856 1* 1020 90.7% 129.6% 41.1%
L11 1222 | 1203 | 1022 1222 1149 1* 1020 119.8% 174.1% 54.3%
L12 1102 | 924 | 1016 1102 1014 1* 1020 108.0% 153.6% 49.0%
L13 1739 | 1648 | 1626 1739 1671 6* 1800 96.6% 146.6% 77.3%
OSP1 | 1955 1954| 1954| 1955 1954 2 2250 86.9% 108.6% _l
OSP2 | 1420 | 1354 | 1103 1420 1292 1 1020 139.2% 195.8% 63.1%
OSP3 | 1025| 1066 | 1017 1066 1036 4 1020 104.5% 101.6% 47.4%
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Graph5-6 shows that thetypical maximum hammer energgequired was between 1000-1,100kJ and
1,200-1,300 kJfor 13.6% ofWTG locationsand between ¥00-1,500 kJfor12.6% of WTG locationsA
total of five of theWTG locationsequired hammer energies of less than 9Dand two of more than
2,000kJ.Graph5-7 again shows that the most commonfguiredhammer energies per foundation were
between 1000kJ and 200kJ.

% Histogram of Maximum Hammer Energy of Each WTG
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Graph5-6 Histogram to show the maximum hammer energies recorded at each WTG

Graph5-7 Scatter graph to show the maximum hammer energies at each WTG installed






































































































































































