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Executive Summary

Green RebellLtd was contracted by SSE6 NEFSNNBR (2 KSNSdoyiplete & WiKS
reconnaissancgrade geophysical and hydrographic investigatiom aew Irish offshore windfarm,

Arklow Bank Wind PailaBWH situatedapproximatelyl0 km Eastof Arklow Town, Co. Wicklowl he
investigation consisted of the acquisition, processing and interpretatibi®ub-bottom profiler,

multibeam bathymetry and backscatteside-scansonar andmagnetometer data. The purpose thfe
investigationis to underpin and support the development of théndfarmthrough:

The identification and mapping of potential geohazards

The facilitation of the development of a ground model;

Theprovisio ¥ RIFGF YR AYF2NXIGA2Y AYy adzZlJ}R2NI 2F 9
The provision of data in support of provisiot@bine placement planning and;

1 The provision of data and information to inform Cable Burial Risk Assessment.(CBRA)

E RE B

To this end, Green Rebel commenced geophysical and hydrographic survey opevatithes27!
August 2022 for the Lady Kathleerf28" August 2022 for the Roman RebeDhe initial survey
operatiorswere completedbefore demobilisatiorof the Roman Rebel (#8Septembe022) andhe
Lady Kathleend November2022. Data were processed, analysead interpreted the results are
presented herein.

This report presents background informatitivat includes a summary of th®BWHPproject objectives
andvariationsfrom the scope of work-ollowing thisthe acquisitionand subsequent processing steps
for eachtype of geophysical datanfultibeam, sidescan sonarmagnetometerand sub-bottom
profiler) are described.The classifications used fanalyses arelescribed. Finallythe resultsof the
data analyses ardocumented these are organised by the type of data
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pUXO

Potential Unexploded Ordinance

QC

Quiality Control

QINSy

Quality Integrated Navigation System

SBP

Subbottom Profiler

SSS

Sidescan sonar

THU

Total Horizontal Uncertainty

TVU

Total Vertical Uncertainty
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1 Introduction

Green Rebel acquired data for tAgklow Bank Wind Pangroject (Figurel) between Augustand
November2022. These data consisted af Geophysicasurveyand a Hydrographic suryeThe
Geophysical survey\Figure 1) consisted of G&b-bottom Profiler, UHRS Sde-scan Sonar and
Magnetometer TheHydrographic survegonsisted of multibeam bathymetry and backscatfEnese
survey legs were carried out betweeahe 27" of Augustand 4" of November2022. Data were
acquired on the MV Roman Rebel, a 27.5 m, s8WiATH (Small Waterplane Area Twin Hull), DP1
vessel,and the MV LadyKathleen a ¥ m Catamaran both purpose built for hydrographic and
geophysical data acquisition. The survey mobilised and dep&edCrosshaveiarbour(Co. Cork)

on the 27" of August Survey demobilisation took platetweenthe 5" andthe 11" of November
2022at Crosshaven harbour

During theGeophysicaturvey, a total length o€.1148km was surveyediuring the Hydrographic
survey.The survey areis c.90kn? (Figurel). Approximately5.63TB ofraw data were acquired during
the full survey.

Existing reports provided by the client to Green Rebel were carried out by Ultrabeam Ltd. in 2019. The
survey comprised of Arklow Bank and the surrounding waters, as well as three potential cabel routes
to shore.Figurel shows overlap between carried out by Ultrabeam Ltd. and Green Rebel (roughly
8%). Where possible, comparisons will be made between both data sets.

13/02/2023 Pagel3of 171



SSEABWPProcessing and Interpretation Report r I GREEN

GRM_22G03_ABWP_PROC_001 REBEL

S 290000 295000 300000 305000 310000 _ a
S —— T |
r~ o
[+=] (=]
w o
Lot_1B_CR1
5
(=2
3
=4
w1
X
S
o
(=1
Lot_1A CR2a
w
X
3
(=]
(=)
Acquistion Datum: WGS84 3
Processing Datum: WGS84 UTM §
30N S
Spheroid: Geodetic Reference

System 1980

[ Lot 1A

[ Lot1B
[ AreaE 4
A
[ | GRM/Ultrabeam overlap §
Ultrabeam Survey area e

I Ireland
. |~ (GREEN |
SA _I REBEL f:
[ve] (=]
uwn o

T
290000 295000 300000 305000 310000

Figurel: TheArklow BankWind Parkgeophysicasurvey aregMBES, MBES B SMagnetometer,SBP)Grey
hashed area displaysverage fronthe previousUltrabeamgeophysicasurveyin 2019with the overlapto the
GreenABWP 2022 survey highlightdeachLotfrom the survey is arotated for reference to data examined in
this report
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1.1 Survey Objectives ar@tope of Work

tKS 202S0GA@®Sa 2F (KS &adaNBSe I NB RSaZONROSR
(SoW).The desired outcomes of the project as stated in the SuiNide:

Identify and map potential geohazards.

Facilitate the development of a ground model.

Provide data and information in support of Environmental Impact Assessment reporting.
To allow preliminary turbine placement.

To provide relevant seismic informai to inform Cable Burial Risk Assessment (CBRA).

=A =2 =4 =4 =

To achieve theseutcomes, the data deliverablesitlined inTablel were stipulated by the technical
specifications
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Tablel: List ofmaindata deliverable¢Additional deliverablespecified in the data matrix)

Type Description Resolution | File
(m)
Position Tracklines for each sensor NA *.shp
Multibeam Bathymetry LATFcorrected, postprocessed, IHO 1| 0.3 * tif,
bathymetric grid * XyzZ
Multibeam backscatter Multibeam backscatter grid 03 * 1if,
*Xyz
Sidescan sonar data Single line data corrected for navigati¢ NA * xtf
(including heading) with no addition;
processing applied
Sidescan sonar mosaic Processed sidscan sonar grid 0.2 * tif
Magnetometer Processed magnetometer grid (total fiel{ 0.5 * tif,
*.grd
Magnetometer Processed magnetometer grid (residy 0.5 *.grd
field)
Magnetometer Processednagnetometer grid (depth) 1.0 *.grd
Magnetometer Processed magnetometer grid (altitude)| 1.0 *.grd
Subbottom profiler data Raw sukbottom profiler data NA *.raw,
*.ses3
Subbottom profiler data Processed subottom profiler data in | NA *.sgy
time
Sidescan sonar target list | Target list of selected contacts from sid NA * xlsx
scan sonar data to include Target ID, X
Contact Type
Mobilisation Report Presented to CSR within 48 hrs of m NA *.doc,
completion. * pdf
Survey Operations Report | Completed within 1 week of survg NA *.doc,
completion. * pdf
Data Acquisition, Processin To include full details of processing a| NA *.doc,
and Interpretation Report | interpretation results. * pdf
Chart Bathymetry with contars NA * pdf
Chart Seabed features and contacts NA * pdf
Chart Isopach map NA * pdf
Chart Cross profile through the data wit] NA * pdf
horizons and bathymetry
Chart Multibeam backscatter NA * pdf
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1.2 Variationdrom the Sow

Table2: Summary of variations from the Sow

1

GREEN
REBEL

Reference Description Cause
Number
ABWPRVar002 | Operdions with SSS, SBP and, Magnetomatstruments| ABWRequest
to align only with the initial UHRS survey (500m |
spacing) This variation reduced the data acquired
ABWPRVar004 | ALARR, Additional data processing and interpretation | ABWPrequest for
potential geohazardmcluding:producing high resolution derisking
bathymetric  grids, sidscan sonar grids an| upcoming
magnetometry at a higher resolution than previoug geotechnical
outlined in initial scope of works operations.
ABWRVa-006 | SBP horizon interpretatioq Additional processing an{ ABWPrequest.
interpretation including: picking horizons, creatin
isopach maps and elevation grids previously not outlil
in initial scope ofvorks
1.3 Reference documents
Table3: Summary of referenced documents
File name Title Author
Part 2.1 Geophysical Survegcope of Work ABWP | Scope of works ABWP
rev02
Part 2.2 Geophysicatvestigation ¢ Technical Technical ABWP
Specification rev02 specifications
220315_Project_Execution_PIEBSEABWP Rev0.1 | Project execution GR
plan
Mobilisation_and_Calibration_Plan_001 Mobilisation and GR
Calibration Plan
GRM_22GB RRABWP MOBReport_003 Mobilisation Report | GR
220626 EN_Operations Report Operations Report | GR
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1.4 Summary of Findings

Table4: Summary ofindings, including rtadata, quality, results interpretations, and potential hazards.
Survey Dates | 28" of Augustto 4" of November2022

Geophysical | Multibeam echo sounder (MBEShultibeam backscatter (MBES BSie-scan
systems used | sonar (SSS), magnetometer (MAG),-botiom profiler (SBP)
Bathymetry

Water depths range from1.99 m to -48.13 m. The site is characterised hy relatively flat
bathymetricsurfacewith isolated glacial andnthropogenic features such as eskers and shipwre
Localised gradients exceediB§® were observed in areas of seafldmedformsand sites wherg
debris is potentially presenBackscatter values were simultaneously recorded dusatymetric
acquisitionand griddedo a resolution of B m allowing fora non-invasive sedimentlassification.
Seafloor Morphology

Several morphological features were observed in the site, including: a large presence ¢
sandwavesoccasionamegaripples and isolated incidents of glacial scars.

Substrate Type

The seabed surface substrate is interpreted to consist of marine sands, muds and gravels. S
mobile sandy drifts are also present across the proposed site. Noteworthy estimates
geological substrates present in the area, canbet deemed reliable without a geotechnic
investigation and dedicated sediment sampling campaign.

Seafloor Sediments

The ABWPsurvey area shows predominant facies of medium to cogrgeavelly sands, where

can be assumed higher current velocities are presienthe south-central ABWPsurvey areathere

is a low incidence afandwave®r megaripples, suggesting a lower cumevelocity supportedhe

presence offiner-grained faciestype clays to sandy clay.odéworthy estimates abouseafloor
sedimentspresent in the area cannot be deemed reliable without a geotechnical investigatiof
dedicated sediment sampling campaign

Seabed Targets and Potential SiBpecific Hazards

Wrecks 10

Debris o6

Boulders 6465 boulders

andcourse

material

Other 122 sonar contacts (unidentifiable) pipeline, 3 linear contacts

targets

Mobile Sandwaveswvith heights>X1 m and wavelength2K10 m cover 7.44% ofthe site,
Seafloor whereasmegaripples with heights>XL0 m and wavelengthd@00m0.4% of the site,
sediments | respectively.Of the sandwavesand megaripplesecorded,mosttrend NWSE The
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sandwaves are often superimposed on the megaripp@bstacleinduced, local
seabedscour is observed around shipwrecks and bordde

Geological Features

Boulders cobbles| Glaciomarine sediments were prominent throuwgh the site. A high
andgravel concentration of boulders and boulder fields were presgmbughout

Potential Hazards

Steep Areas of localised steep slopes gpeesent. Slopesup to 35° were identified on
gradients | bedforms (megaripples)and steeper gradients were found to be associated v
anthropogenic targets (i.e. shipwrecks).

Mobile Sandwavesand megaripples are common in the site and suggest an ac
sediments | hydrodynamic regime.

Shipwrecks| 10shipwrecks were identifieth the datasets

Magnetic | 975 Monopoles, 34 Dipoles and 135 Complex
anomalies
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2 Data AcquisitiomandProcessing

The site was surveyed using tivv Roman Rebeind Lady Kathleer{fAppendix3). Mobilsation,
calibrations, trials and verificationsf both vesselgook place in Cork Harbour (Co. Cork) and were
completed at the survey site (Arklow Bank, Co. Wickl@aveying commenced og8/08/2022 and
lasted aperiod of 69 days,concluding on thed4/11/2022. The mobilisation is documented in the
Mobilisation Repd and survey activities are documented in the Operations Repdat{e3).

2.1 Surface and suburface positioning

2.1.1 Surface Positioning
2.1.1.1 Roman Rebel

All surveypositioning and navigation data were recorded via a primary and independent secondary
GNSS antenna for redundancy and QC. The primary antenna used was an Oceandexig0&0
receiver which used Precise Point Positioning (PPP)N&vC corrections toachieve 5 cm horizontal
and 20 cm vertical accuracyPPP is a global precise positioning service usfiegavailable GNSS
sygem. A PPP solution depends on GNSS satellite aelodkorbit corrections, generated from a
network of global reference stations.r@e the correctionsire calculated, they are delivered to the
end uservia satellite or over the Internet. These correcti@are used by the receiver, resulting in
decimetrelevel or better positioning with no basgation required.GNav data are loggednd
monitored continuously in YIS as well as the-8av RINEX which provides a live display of height
error. GNav logs files in a *.cnav 3050 format which can be subsequently interrogatedPbycCa
software made to extract-Glav QC statistics.

2.1.1.2 Lady Kdatleen

All survey positioning and navigation data were recorded paraary GNSS antennaw® antennas
usedwere aTrimble AT167%40TSeceiver which usedRSNow via Trimblecorrections to achieve

2 cm accuracyVRSs aprovides reatime differential corrections to &NSSystem.A VRSsolution
depends ordata from severgbermanent reference stations to compute corrections that are generally
more accurate than correctiorfsom a single reference statio@nce the corretionsare calculated,
they are delivered to the end usera satellite or over the Interne¥VRSlata are logged and monitored
continuously in QINSy

2.1.2 Subsurface positioning
2.1.2.1 Roman Rebel

Towed sensors were positioned \KangsbergylPAPUSBL with an accuracy + 0.44% of the slant
range. Overall, the USBL tracked the positions of towed bodies well. However, isolated, localised
deviations were observed. Minor navigation wobbles and inconsistencies (causing up to 20 m offsets)
are common with USBdystems and easily influenced by environmental factors (cf. Li et al., 2018).
This is typical and can be rectified in ppsbcessing to ensure that geographic accuracy of 2 m can
be attained in accordance with project specificagon
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Subsurface positiomavigationdata were parsed online with thassociged surveyfiles (*jsf and
*.ixt). These navigationdata were processeds initial processing steps for each specific workflow
separately(details insections2.6.2).

2.1.2.2 Lady Kathleen

Towed sensors were positioned via a iXblue GAPS M5 GAPS MMI witcwacy ot 0.2¢ 0.5% of

the slant range. Overall, the USBL trackeal positions of towed bodies wellike the Roran Rebel
deviations occurred which is common especially in shallower banked or shoreline areas where the
Lady Kathleen would have surveyddjain, this is typical and can be rectified in ppsicessing to
ensure that geographic accuracy2in can beattained in accordance with project specifications.

2.1.3 Tidal Reduction Methodology

Vertical correctiorwere applied to the data in reaime via Quality Integrated Navigation System
(QINSYusing the PPP systeom the Roman Rebel and the VRS system on thg Kathleen All data

were then reduced specifically to Lowest Astronomical Tide (LAT). To do this, the UCL and UKHO
product, Vertical Offshore Referenégames systeniVORF) was used. The VORF project allows to
seamlesslyransform vertical height informa&bn to other common coastal and offshore levels within

the Irish and UK 12 nautical mile zones.
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2.2 Multibeam bathymetry data (including tidal reduction methodology)
2.2.1 Data acquisition
2.2.1.1 Roman Rebel

Bathymetric and acoustic backscatter data were acquired usindnull-mounted Reason SeaBat F50

R multibeam echosoundse(MBES). Each MBES transceiver produces 1,024 beams per ping and can
operate from 190 to 420 kHz. Duritige SSBBWRPsurvey operations the MBE&soperated typically

at a frequency of 400 kHz. Omag beam anglewere set to 6(;65 degrees. The sonar headere
integrated with a reatime sound velocity sensor, an iXBIH¥ DRINS inertial navigation system and
two independent GNSS antennasN@&v and Hemisphere).

Data were acquired in a boustrophedonic, gridded survey desigighlyparallel to depth contours.
Survey speed was approximately 4.5 knots. Sound VelocityeRrafere acquired at a minimum of
every 12 hours but always whenever clear changes were observed in sound speed redQidiisys
alarm set to sound velocity changgeeater than 2m/s). A Valeport Swift sound velocity profiler was
used for SVP casts andatal of 74 profiles were recorded duringcquisition.Data acquisition was
managed in @NSywhich was also used visualise raw data and construction of *.db files with raw
multibeam data. All data were stored on a dedicated offshore data server.

2.2.1.2 Lady Katlkeen

Bathymetric and acoustic backscatter data were acquired ussiggehull-mounted Reason SeaBat
T50R multibeam echosounder (MBEB)eMBES transceiver produces 1,024 beams per ping and can
operate from 190 to 420 kHz. During t8SEABWRPsurvey orations the MBE®&asoperated typically

at a frequency of 400 kHz. Opening beam anglese set to 6@;65 degreegor adapted for shallow
depths) The sonar head was integrated with a réale sound velocity sensor, BeledyneType30

IMU and integrated pplanix IN6 (inertial navigation systejrand two independent GNSS antennas
(Trimble AT167540T$.

Data were acquired in a boustrophedonic, gridded survey design, roughly parallel to depth contours.
Survey speed was approximately 4.5 knots. Sound VelBoitfjles were acquired at a minimum of

every 12 hours but always whenever clear changes were observed in sound speed recordings (QINSy
alarm set to sound velocity changes greater than 2)m#sValeport Swift sound velocity profiler was

used for SVP casted a total ofL01 profileswere recorded during acquisition. Data acquisition was
managed in QINSy which was also used visualise raw data and construction Gfesdhkith raw
multibeam data. All data were stored on a dedicated offshore data server.

2.2.2 Processing workflow

Multibeam bathymetric data show water depth and seabed morpholddpese data are interpreted

to accurately measurevater depth, seafloor features and seabed structure. Raw multibeam
echosounder datavere acquired and stored in a series of QPS *.db files. These files contain the raw
sounding, GNSS, attitude and applied sound velocity data. As such, data proeessinequired to
merge these data, remove or correct anomalous data, create a bathymetric surface corrected to a

13/02/2023 Page220f 171



SSEABWPProcessing and Interpretation Report '- l GREEN

GRM_22G03_ABWP_PROC_001 REBEL

defined vertical reference system, confirm thtae data conforms with IHGtandardsandexport the
data in a transparent and Gf@endly format. The general processing workflow is outlinedtlie
Project Execution PlafTable3).

The *.db fileswere imported to QPS Qimera which converts the data to a proprie(*.qpd) file
format. From the *.db files, sound velocity, vessel and offset values are automatically read into the
project. The processing parametengere defined to ensure that the sound velocity strategy is in
accordance with the surveyed strateghat the attitude values are applied from the correct source
from the *.db file as well as GPS tide and the correct separation model. A raw swesiteen created

using these processing parameters. Vessel configuratimmchecked for any clear deviatiofi®m

those set during acquisitioNearest in time sound velocity profile casts are selected in Qimera to
reduce the possibility dhterference @ data spikesSurface and profile sound velocity davarethen
inspected for anomalous data values and spikvhich are subsequently removed. Although vertical
errors within the GPS heights were low X5 cm), navigation data were smoothed in QPS Qimera
where appropriate. The raw bathymetric surface was then colour coded based on uncertainty (95%
confidence interval) with a standard range of 0 to 0.4%, to view areas ofsbigiding standard
deviation.

Large data spikes from sonar interference (soungrses with similar frequency values), poor weather
or other, weremanuallyremoved using th&D editormode. Small area®f excessive weather noise
werealsoobservedanda medium spline filter was applieéd reduce the noisgbefore further manual
cleanng. The results of filtering were carefully examined by qualified data procesEois strategy
allows for a reconnaissance of the data while offering the ability to removenthprity of the
erroneous data. Subsequently, the datere cleaned using thenore preciseswath and slice editor
modes This allowed for thorough and differential cleaning options depending on the morphology of
the seabed and intensity afoise In areas withupstandinganthropogenic seabed features (wrecks,
pipelines, infrastruaire), datawere examined and cleaned witlimost caution

If high standard deviation values remathin the outer beams or line overlap, then the datere

interrogated further. If this errowas related tasound velocity, a series of cheaksre performed: i)

re-inspection the surface and profile sound speed data and smoothing/despiking if required; ii)
application of arefractionedit(Ims'F & ™M Y 6F GSNJ RSLIGKO | yYRK2NIT AAAD
{LISSR LYGSNEA2Y |f3IA2NAGKY 6KAOK dziAf ABASHEQ YEAEKR
speed refraction solution that minimises sounding mismatch in areas where there is sufficient overlap.

All datawere corrected to LAT using the VORF separatimdel. Total Horizontal Uncertainty (THU)

and Total Vertical Uncertainty (TVidgre computed for each sounding within the dataset. Thesze

used for quality control purposes to ensure that the data is within clgp®cified limits. A further
surfacewascreated to ensur@dequatesounding density. Finally, cross lines, which are independent

of the surface grilvere ONR 34 OKS O]l SR ¢AGK (GKS INAR® ¢KAa OKS(
tool, generatal a table of statistics thaprovidethe resultsof the analysis of beam footprint values

within the processed surface.

On inspection of the data and ensuring that the data meet the required IHO survey specifications, the
datawere exported. Initialy, *.gsfas well as *.asc, *.tif and *.xyz files wezgportedcomprising the
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backscatter and bathymetric surface data, respectivéhe LATeduced, cleaned bathymetric data
wasthen inspectedin ArcMapv.10.8.1 A simple, focal neighbourhood average interpolation was
applied to the 0.3 m gridded tiffsnterpolating data only in the places where mirgkelsizeddata
gaps wereobserved. Areas kere larger gaps were present due to fishing gear obstagkre not
interpolated.

Errors detected

-
—*
F
*
—
B

Figure2: Generamultibeam echo sounder data processing workflow for corrected bathymetric grids

2.2.3 Coverage

Multibeam echosounder swath coverage was optimised for sounding density to ensure that depth
induced swath width changes do not cause unnecessary fluctuations taisgudensity. This ensures

that all pixels on the final bathymetric surface were binned based on a similar number of soundings.
Furthermore, it facilitates consistent data quality when sea state is less favourable.

To do this, an alarm was set in QPIBI® to note considerable sounding density changes and the
swath was subsequently adjusted based on the discretion of the senior survéioen that water
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depth throughoutthe ABWPsurveyonly ranges from1.99 m to -5652 m, swath width remained
relatively constantRecorded swath widtlranged significantlgue to deptls and wasapproximately
18 m on the bank and up 70m in deeperareas Figure3 demonstrates swath width and water depth
in cross track data.

Across Track-(m) 0

Figure3: PLotshowing typical raw cross track sounding profile friitnea Roman Rebel aseveralboth port and
starboard side multibeam echosounder pingserged (Note: overlap of swaths in centd)ring the ABWP
survey. Notewater depth(-38 m) and swath width@4 m). Data are colour coded by water depth.

Usingthe swath coverage strategy outlinedove an area ofipproxmately 91 km? was surveyed by
multibeam in theABWPsurveyarea(Figured). The coverage consisted of a seriepafallel,broadly
eastwest oriented lines and7 cross lines perpendicular to these survey lineBesecross linswere
used in the final assessment of the p@sbcessed data to confirm product quality in terms of
accuracy.
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Figure4: Map showing the totakurveycoverage duringhe initial ABWPsurvey

2.2.4 Positioning accuracy

The surface positioning quality during field operationstthe NS |j dzZA NE R LINR 2 Sd3( Qa & LJ
documented in the Mobilisation ReporiTéble 3) and these data provided positioning for the
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multibeam. The accuracy of this system is apparent with visual inspections of neighbouring lines in the
raw data. This assessmestiows consistent vertical alignmeot sounding overlagFigureb).

Across Track (m) 0

Figure5: PLotshowinga typicalacross track bathymetric data to highlight the vertigay' | § OKA Yy 3 Qk L2 & A (i A 2
the raw data acquiredavith the primary GNSS antenna (Vertical Exaggeration: x50.2)

2.2.5 Sound velocity control

Sound velocity was measured both at the multibeam transducer as well as through the water column
via sound velocity profilesSound velocity profile values are required to calibrate the multibeam
derived sounding values for speed of sound in water. These data enabled accurate calculation of
bathymetric values.

Sound velocity profiles were recorded at a minimum of every 12 siourby the discretion of the
senior surveyorA total of86 sound velocity profile casts were acquired during survey operat{@s
Roman Rebel and 49 Lady Kathlee®rface sound velocity values measured at the multibeam
transducer head were continuolysmeasured and monitored by the acquisition software (i.e. QPS
QINSyY. When QNSymeasures a difference between the sound velocity at the transd(Figure6)

and inthe profile, an alarms set off. When thishappens a new sound velocity profile is recorded.
Thiscautionary procedureensured that the sound velocity value was updated whenever theas

any considerablehange in the physichemical properties of thenderlying water mass. Particular
care was taken in environments/situations that were likely to influence sound velocity changes (e.g.
heavy rain fall, nearby estuaries, harbours, surface water influx).

Figure6 shows a sample of typical sound velocity values recorded durind\BWPsurvey.Sound
velocity profiles measured during the survey period reveal minor fluctuations in these profiles with
depth, indicating that local variation is abundant in the upper layers.

Surface Sound Velocity

1510.25

1510.00

1508.75

1509.50

1509.25

Sound Velocity (ms™1)

1508.00

09 23:40 09 23:45 09 23:50
Time

Figure6: Representativeexample of surface sound velocity measurements recorded during survey operations
(0.4 mstvariation over a 3@ninute period)
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Figure7: Representativeound velocity profiles acquired duritige Area_E survgyeriodduring theABWP
survey

2.2.6 Sounding quality

Multibeam echosounders record acoustic energy using a transducer. As such, they are sensitive to
noisethat can be expressed in the resulting raw data. This is a common phenomenon and can be the
result of either direct impact between air bubbles and the transducer when sea states are less
favourable, biofoulingor interference by acoustic energy that isndar in frequency to that of the
multibeam (40kH32. Green Rebehascompleted testing to optimise survey parameters for minimal
acrosssounder interference. However, it is impossible to eliminate these artefacts compléteige

and artefacts expressed the raw multibeam bathymetric data during thBWPsurvey operations

are uncommon and when they do occur, they are mirieigre8). These anomalous soundings are
clear and obvious in the raw datasets and can be removed when the data are processed.
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One possible measure of multibeam data quality is sounding density. To assess this, the density of
soundings per 1 m cell were measured and values range froml, 636 soundings per 1 m cell. The
mean number of soundings in the raw bathymetric data4r@er 1 m cell. Traditionally, a minimum

of 9 soundings per 1 m cell are required for IHO stan@ndkerla. As such, sounding density is well
within the range to achiexthe final product specification after peptocessing.

Figure8: Sample of typical noise artefacts recorded by the multibeam echosounder and expressed in the sounding
data. Note: units in meters and vertical exaggeration2it78.

2.2.7 Data quality
2.2.7.1 Roman Rebel

The processed multibeam echosoundtarived bathymetric datachieveghe required specifications
IHO Order 1a. Criteria for Orderla standard include feature search (100%), bathymetric coverage
(100%) and maximum allowable total vertical uncertainty (TVU). To calculate(BE§tuationl is
utilised

(Equation1) YooY Q &) wQ

Wherea is the proportion of the uncertainty thadloesnot vary with depth (0.5 m) is a coefficient
which represents that portion of the uncertainty that varies with depth {8)dandd is the measured
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water depth (m).Table5 shows the test resu#t used to determinéf the data acquired during the
ABWPsurveyachieved the level of accuracy required for I5@ecialrder.

Table5: Multibeam bathymetric data cross check results

. alue

Attribute

0 A 0 B Area
SpecialOrder Error Limit 0.270377 0.31902 0.35033
Specialrder # Rejected 59247 785535 3123
SpecialDrder RStatistic 0.00316651 0.00634795 1.92779e05
SpeciaDrdeTest ACCEPTED ACCEPTED ACCEPTED
Number of Points 18710509 146885261 161999165
Grid Cell Size 0.300 0.300 0.300
Difference Mean 0.030 -0.000 -0.009
Difference Median 0.023 -0.004 -0.010
Difference Std. Dev 0.066 0.074 0.039
Difference Range [-5.954, 2.82(] [-29.190, 5.862 [-2.466, 1447]
Mean + 2*Std. Dev 0.161 0.149 0.087
Median + 2*Std. Dev 0.155 0.153 0.088
Data Mean -13.700 -26.424 -32.732
Reference Mean -13.730 -26.424 -32.723
Data ZRange [-21.226,-9.060] [-54.557,-3.25]] [-39.797, -23.437]
Reference Range [-16.463,-9.153] [-44.534-3.31% [-39.456,-23.576]

Online quality control inspections weperformedduring acquisition by the lead surveyor to ensure
a highdensity (40) of soundings per 1 m cell. This was confirmed in qpostessingvhere the final
sounding grid had a minimum of 1 sounding per 1 m(baar empty cell due to noisea maximum
of 2303soundings per 1 m bimnda mean oR27 soundings per cell. For trarsgency, this is visualised
below Figure9) and highlights the quality of the final bathymetric data.

Navigation data were logged in standardN@v format which were integrated within the ra@QINSy
database files. Rediime positioning data quality from-av was of sufficient quality tachievelHO
SpeciaDrderstandard requirementsVertical errors witin GPS heights were Idi#7 cm) and provide

a robust solution for computation of GPS tidePS tide was computed using the separation model
betweenWorld GeodeticSystem 198 (WGS81) datum and VORF LAT.

13/02/2023 Page300f 171



SSEABWPProcessing and Interpretation Report '- l GREEN

GRM_22G03_ABWP_PROC_001 REBEL

MBES Sounding Density
700000

600000

500000 4

400000

300000 4

Number of soundings

200000

100000 4

0 F T
0 400 500 600 700 800
Soundings per 1m bin

Figure9: Histogramshowirg the number of soundings per 1kim within a representativdathymetric surface

Overall quality control of the dataascompleted by generating a QPS Qimera Dynamic surfaces from
all MBES sonar data within tieBWPsurvey area. The dynamic surfasascreated with a range of
parameters used to assess the data and ensure it falls within specification. The uncertainty at 95%
confidence intervalvasassessed in order to highlight areas where the vertical spread ofdéogs

within a DEM grid are high and checks can be made to determine the cause. Areas within this layer
that coincide with high standard deviations can occur where there are sound velocity errors, errors in
the navigation, or when acquiring data in heawather and where there is a change in seabed relief
such as boulder fields. The varying vertical shift tool was utilised to reduce standard deviation in depth
values of adjacent lines ensuring an accurate representation of seabed morphology.

FigurelOshows the uncertainty of the final bathymetric sounding grid at the 95% confidence interval.
These data show that the uncertainty is typically.63 m and typically do n@xceed 0.1 m although

in rare circumstances there are higher standard deviat{opgo 7.1 m)around small seabed features

that occur in the outer beams where higher beam scattering occurs. Nevertheless, the mean and
modal uncertaintyare 0.049 and 0.081 respectivelywhichdemonstrateghe quality and consistency

of the overall 1 m grid. This pd.otted spatiallyin Figure10, which shows the spread of uncertainty
data between 0 and 0.4 nm addition a longitudinal cross section through the surface shows that the
data are vertically weldligned(Figurell). No clear and obwus vertical offsets were observed.
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Figure 10: Multibeam bathymetric surface uncertainty (95% c.i.) and a cross profile showing the vertical
alignment of adjacent survey lines-{AB®)
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Figurell: Cross section AAX B as seen ir. Note the vertical distribution of lines matches well.
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Figurel2: Histogramshowing the vertical offsdébr each 1m celh a representative areadNpte: values do not
exceed.35 m)

2.2.8 Final product

The final bathymetrigrid was exportect 0.3m per pixelas specified in the scope of works. The final
bathymetric product was clean, exceeding all industry standard tests as previously outlined. No
artefacts or issues are observed with the final bathymetry prodgajurel3).
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Pre-Processing Post-Processing

Figurel3: Comparison of preand postprocessed bathymetric gridsdrespective point clouds

2.3 Multibeambackscatter
2.3.1 Data acquisitiorg RR and LK

Multibeam backscattestrengthdata depend onseabed hardness and roughness. Interpretations of
these data are typically carried out to describe seabed composition and texture. The aim of multibeam
backscatter data processing is to combine all sonar data into a backscatter mosaic depicting intensity
(decibels) in a Gifsiendly format. To do this, the multibeam *.db files were exported as a series of
generic sensor formatted files (*.gsf) from Qimera. These filese then importedinto vt § Q
GeoCoder Toolbox (FMGT). The Geocoder algorithm remoxvks ghins used during acquisition and
applies a series of radiometric and geometrical corrections to the original acoustic observations
obtain a correct value of backscatter strength (Fonseca et al., 2009). To do this, all sonar parameters
were defined(number of beams, frequengyetc.). Any cross lines were removed to reduce the
presence of artefacts in areas that already have-gxiesting coverage within the project.

2.3.2 Processing workflow

The intensity of each pingasread by the algorithm which subsegntly normalisel them to account

for variability (beam angles, vessel motion/weather, along track variability, etc.). The resulting data
were coloured andplotted. This shows seabed spatial variation recorded during the survey leg. The
gridded backscattemosaicwasthen exported as a raster (*.asc ArcView Grid and &b Tiff) which
corresponds to XYZ where X and Y arerdinate notation and Z is backscatter intensity in decibels.
Throughout this report, references to backscatter refer to relativekbaatter strength.

The processed bathymetric dataset was exported in a generic sensor format (*.gsf) and processed to
create a single, backscattstandardised gridded dataset. The specific aim of this processing was to

13/02/2023 Page34o0f 171



SSEABWPProcessing and Interpretation Report l- l GREEN

GRM_22G03_ABWP_PROC_001 REBEL

create a map of comparable acousseafloor backscatter values that clearly delineates seabed
features and sediment boundary types. To quality control the data in the context of this aim, the
mosaic was inspected to ensure that the sediment boundaries between different survey lines were
well characterised with matching backscatter values between different lines and survey legs. The main
problem with these data were alodAme backscatter shifts which were either tirvarying or
constant. These issues were easily resolved through the agplicatf a full line backscatter
adjustment which applies a backscatter value offset to standardise backscatter values between
adjacent lines. The resultant backscatter mosaic was inspected and determined suitable for the
delineation of seabed features amsgdiment boundaries. The mosaic was tjlegported(binned at

0.5 m) and coloured by backscatter val(leigurel4).

BEFORE - Line backscatter adjustment -

AFTER

Figurel4: Before and after line backscatter adjustméntMBES BS filésom ABWPCR1Lot 1B
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2.3.3 Angular Range Analysis (ARAH Seabed Sediment Interpretation

Angular Range Analysis (ARA) was derived from MBES acoustic backscatter data usingZ ANIGT
This proces allows for a multifaceted characteiion of the seafloor substrate type while
maintaining a norinvasive survey statuhesedata can providemportant information and context
to planning for subsequengeotechnicalsurvey operationsbeyond the insigts possible form
bathymetric data alonef can be used to highliglareas where seabed substrateay beconsolidated
andcoulddamage samplingquipment.

A beamby-beam timeseries of acoustic backscatter provided by the multibeam sareanalysed

These backscatter valuagrethen corrected for seafloor slope, beam pattern, time varying and angle
varying gaingcludingarea of insonificationi.e. aregloodedwith controlled sound waves-rom this,

a series of parametensere calculated from stacking of consecutive time series over a spatial scale.
Consequently, the acoustic impedance and the roughness of the insonified area on the seafloor could
then be estimatedFonseca and Mayer, 2009).

FollowingARA, sabed sediments werenanually delineated further bwtilising MBES Bathymetry,
MBES Backscattand the subsequenbackscatter derived ARgid. Under thisapproach sdiments
were grouped intothe mos commonly occurringrain sizecategories based owaluesderived from
ARAand backscatter intensityl hese wereMediumSand, Coarse Silt, Sandy Mud and Qlagividual
shapefiles othesesediment types were created

2.4 Sidescan Sonar

2.4.1 Dataacquisition¢ Roman Rebel and Lady Kathleen

Sidescansonar (SSS) data were acquired with a desped Edgetech 4205 sielcan. The fish was
towed at approximately7¢8 m above the seabed, approximatelp0 m behind the vesselDuring
acquisition, the fistwas operated at two frequencies (230 and 850 kRpjsitioning for thesSS®lata

on the Roman Rebelas acquired with &ongsberguPAPUSBL(Ultra Short Base Linedn the
contrary, positioning for the SSS data on the Lady Kathleen was acquired withltree 3&PS USBL
positioningsystem. Data acquisition was managed igdEeich Discovery where rangigequency and

file type were controlled. Logging of raw data were manage@IiNSywhich created a series of
Logfilesas well as saved the *.jsf files storing the raw backscatter data including the USBL positioning,
vessel position, time, date, cable out and heading.

2.4.2 Processing workflow

SSSystemsmeasure the intensity of their returning signal. The ainrs8flata pro@ssing is to merge

all sonar data, apply offsets and navigation correction (as requiaedcorrect the sonar signal (gains

and bottom tracking) to create a streamlined sonographic mosaic in-&ié8ly format. To this end,

all SS$lata processingvascarried outin SonarWiz v7.07. The general processing workflow is outlined

in Figurelb. All rawSSSlata are stored irf.jsf files (Edgetech proprietary file formjaivhich include

sonar data, vessel and fish XY position, cable out, fish height and frequency. As a backup, logfiles
containing vessel and figbositions were exported in a *.txt file format fromQINSyindependently.
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Navigation300 pingsmoothingwas applied when fileswere imported into the SonarWiz project,
limiting nav drops and swirls.

SSS8.jsf fileswere imported to SonarWiz whictvasset up to correctly read the correct fields from

the file (USBL positioand headingather than vessel position). Once the datare imported, they

were converted to a CTI proprietary processing file type (*.csf). When preliminary investigation
showedthat they pLotcorrectly, each lingvasinspected for navigation. To do this, the navigation for
each linewas inspected and anomalous spikeeere O2 NNSOGSR dzaAy3a GKS AydaSt
SRA G2 NE werdgirf§gectdd to yiedediminghe bottom tracking paraneters for each line. Manual
bottom tracking editswere applied if deemed essential. To enhance the sonographic imagery for
subsequent analysesit this stagegainscould be applied.Typically, Empirical Gain Normalisation
(EGN) is applied which createsliationary of all amplitude data from all files and assssthem by
distance from the sonar. This then creates a signature of the mean sonar signal. When applied to a full
suite of survey lines, this is particularly useful for surficial geological fmiDuring the processing
workflow, it wasdetermined that contactsvere best captured usingldack to bronze colour palette,
where shadows arélustrated in black.

Geographic accurasyasmeasured by isolating each line and measuring the linear distagiveeen
multiple seafloor features that arseen in both the SHine and the bathymetric data (collected by
MBES, passing IHQrder 1a). Seafloor featuresof interestwere typically boulders or rocky outcrops

with visual characteristis that are easily identified. Attemptsvere made to ensure that the
measurements arequallydistributed near both ends of th&&S survey and at several points along

the middle when possible. A minimum of 5 pointassought after from each line. Howevefranarea

had little in the way of distinctive seafloor features, fewer poimisre used. If the average (mean)
differencewas 2 m or less, the linavas considered geographically accurate and no geographic
correctionswere required. If the average errowas greater than 2 m, map correctionsere applied

to georeference theSSS data to the bathymetry. After map correctiomsre made, the accuracy
assessment procesgasrepeated whilst taking care not to measure the same seafloor features that
the map corretions were based orHoweverjn some areas where distinctive seafloor featunese

rare, this might not be possibl&Vith these amendmentghe average difference is now less than 2

m, and the line with map correctionsvasaccepted If not, further map orrections and subsequent
accuracy assessment®re made.In the case of this project, the sigiegan sonar data was categorized
based on its level of quality after applying navigation correct{gegFigurel5). These areCategory

1: No map corrections were needed following an offset assessment. On these lines, an average
assessment of at least 5 seafloor features (boulders, debris or unique bedforms) were made in the
sidescan data and compared to the bathymetry data. The averagewbiff these points was now

<2m Category 2:Map corrections were needed following an offset assessment. On these lines, an
average assessment of at least 5 seafloor features (boulders, debris or unique bedforms) were made
in the sidescan data and compadeto the bathymetry data. The average offset of these points was
>2m. Map corrections were then applied, and the spatial offset of seafloor features were reassessed.
Category 2 lines represent sidean data which has an average offset of <2m following map
corrections Category 3Map corrections could not rectify offsets between the sgE=n sonar data

and the bathymetry. Following map corrections, the average offset of these points was well above
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>2m andCategory 4These lines were unusable due to bahlity navigation data]. Sonar contacts
were picked from Category 1 and Category 2 SS files, as they provide trustworthy navigation.

The processed sonar filtmm Category 1 and Category 2 datare then converted into a grid using
the Inverse Distance ®ghted algorithm. The final surfaggasthen exported as a geoTiff (*.tif) at a
resolution of0.2m.

Category 4

Category 2

Category 2

Figurel5: Green Reb@ sidescan sonadata processing and assessment strategy

2.4.3 Accuracy assessment and corrections

TheSS$lata were positioned with an accuracy#0.44% of the slant range. Overall, the USBL tracked

the position of the SSSwell, meeting the required specificationsHowever, isolated, localised
deviations were observed (~30 mparticularly in Lot 1A Minor navigation wobbles and
inconsistencies are common with USBL systems and easily influenced by environmental factors (cf. Li
etal., 2018Figure 16). This is typicalral can be rectified ipost-processing to ensure that geographic
accuracy of 2 m can be attainpér project specificatioa. Minor navigation errors also correlate with

rapid change in sensor depth when the caisleetrieved to avoid the fish crashingana topographic

high (anthropogenic and natufjahs seen irFigurel?.
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Momentary drops in USBL navigation (likely induced by drops in communication between transponder
beacons) lead to incorrect interpolation of the data&SanarWiz This forces the stretchiraf pixels to

bridge the datadrops EFigure18), resulting in mosaic geographic errooser 100 m in extreme
examplesThiswasrectified in processingteps through e linear interpolation of data within USBL
drops resulting in accurate mosaics. Without any navigation corrections, in areas where no navigation
abnormalities were observed, the accuracy of the mosaicked raw data were generally within
specification

Figure 16: A singular mosaiced line showing poor navigation. The red line indicates a 30 m localised offset which
was infrequent.
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Figurel7: Navigation errors seen in the x ygh(top panel) broadly correlate with changes in fish depth due to
local topography or contacts protruding into the water column which presented a potential collision hazard
(bottom panel)
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2.4.4 Image quality

The objective 065SSurveying and analyses is to reveal surficial seabed characteristics. Typically, this
means delineating/identifying geological features, sedimentary structures, changedirimese types,
boulders, wrecks and geohazards. Features such as boulders and changes in geology are identifiable
and well definede.g.Figurel9, Figure20, Figure21); thus the data were demed fit for purpose and
processing. Noise and interference are typically absent frondtia.

Figurel9: Unprocessed sidgcan mosaic closep showing two boulders from the site

2002Y OGN O1Ay3 ¢l & &adz0O0Saa¥FdzZ e | LIWIXASR 00X o053
G ¢ K NS & Ksedflderéthrestdltldetectionvith minimalmanual modifications required. The EGN
gains improved the peripheral image clarity, resulting ihearcimage across the whole swatfidure
20). TheSSSata was of consistently high qualitgorroborated by the obviousidentification of
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seafloor objects such as boulders and sediment boundaF&gi(e21). The data had only isolated
minor artefacsover the entire area

Starboard

Figure20: Example of the raw and processed data (IGRM_22G03 RR_E_ 051 ABWP_20220922. The

top image shows the raw siggean, the nadir is visible down the centre of the image and dark edges at the
periphery of the swath where sound attenuation influences the visual quality. The bottom image shows the same
area with processing parameters implemted (Bottom tracking and EGN gains applied) to improve the visual
quality.
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Figure21: Image quality from théow-frequency channel with a boulder clearly in view
2.5 Magnetometer
2.5.1 Data acquisition

2.5.1.1 Roman Rebel

Magnetometer data were aagred using a single Geometrics G882 Magnetometer which was deep
towed at a range 00.34 m to 16 m off the seafloordepending on local bathymetry afat presence

of in-situ fishing equipmentThe fish was towedpprox 100 m behind the vessel. During acquisition,
the fish measures the total magnetic field in, with a typical sensitivitpf 0.02 nT ata0.1 sec sample
interval.Onthe Roman Rebel,gsitioning for the magnetometer data was acquired witK@ngsberg
uPAP USBLwith an accuracy oft 1.3% of the slant rangeOn the contrary, positioning for
magnetometer data collected on the Lady Kathleen was acquired with the ixBlue GAPS USBL
positioning systemData acquisition was managed iiNgy which created a series of Idiges with
details including USBL positioning, line name, magnetic amplitude, signal strafgtite, depth,
vessel speedCoveragewas varied throughoutthe site, with line spacing averaging approx. 25 m
(Figure62).

Diurnal variations in magnetometer readings can vary as nascB0nT daily. These variations are
caused by the rotation of the earth and solar winds. Variatiares on hours to days scaleand
significant deviations may be indicative of geomagnetic storms. These variations can be influential on
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marine magnetometer readingdt is unlikely that diurnal magnetic variation would influence the
detection of anomaliesas anomalies caused by shigcks, unexploded ordnance etare
significantly greater than normal diurnal variationsatidition,an anomaly is detected as a significant
and rapid change in magnetic amplitude due to the movement of the magnetometer at 4 knots,
providing little time in the vicinity of a true magnetic anomain the seafloor. Landbased
magnetometers were used to prale background offset values to correct diurnal variatiohlsese
are not considered the most robust normalising datasetf@rine-based data$ergipe et al., 2031
but this was requested by the clienthe nearest lanthased magnetometer wadscatedat the DIAS
Dunsink ObservatoryThis Dublin basebservatory uses a LofReriod Magnetotelluric Instrument
(LEM#417M) to record geomagnetic readings every minuteesddata are readily availablein the
(The Magnetometer Networkfdreland, 2022)

2.5.2 Processing workflow

Magnetometer data show the total magnetic field values across the survey area binned per unit area.
From this, magnetic anomaly values can be derived. These datasets are useful for the interpretation
of seabed feature composition, ferrous object detecti¢gsuch as wrecks, pUXO and sda
infrastructure) and seabed geology characterisation.

The general processing workflow is outlinedFigure22. The magnetometer datwaslogged as a
QINSylodgfile (*.txt) which include vessel and fish XY, cable out, fish depth, fish altitude, magnetic
amplitude and signal strengtMagnetometer data processing ago format the data, QC the validity

of the traces, correct for errormus spikingand calculate and remove the background magnetic
amplitude to derive the residual for target isolation. To do this, two main tools were used. The first is
an inhouse created Python script. This script, writtedupyter Notebookv6.4.5), utlises the Pandas
library to manipulate the data such that all NaN data values are removed, with these files then
aggregated together. This significantly increases the rate of processing. The resu€ &\flé.that

can beimportedinto SonarWiz using customised file template.

Beforeimporting intoSonarWiZor processing, diurnal correctiomgere applied To match the marine
magnetic dataset collected by Green Rebt#ie Dunsinkdataset needs upscaling to second interval
data. This was achieved ligear interpolation(Blake et al., 2016)sing a bespoke python code. Gaps

in the dataset did not exceed 20 minutes. The Valentia observatory collects derivative magnetic field
strengthacrossthe x,y and zdirections;, Bx, By and Bz which wetteen converted to Bt (magnetic
strength) usingdEquation) below.

(Equation2)

60 6w 6w 04

To offset the marine magetometer, the residuals around the mean value of the landghetometer
was taken as offset values. Firstly, the mean was calculated using formula B where X1 was the first
recording and Xn was the last redorg between date 1 and date 2 at x intervégjuation3).
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(Equation3)
w

The mean was subtracted from the Bt valuesatthievea residual, normalised value for use as an
offset of the marine magetometer. (Equationd).

(Equatiord)
601 60 w

The offset was applied by subtracting the residual around the mean values from the record marine
data where Bm represents the marine nmegometer data (Equation5).

(Equationb)

60 6a 06i

The treated magnetometer filewere then imported to SonarWig7.09 where theywere displayed
over bathymetric data to ensure that ¢y p_ot correctly. Each filavasinspected for navigation
related data errors. Data spikesereremoved from the navigation lines using a Harear smoothing
tool. Similarly anomalous altitude and depth valuegre removed from the data. The raw magnetic
valueswere inspected and erroneous spikegre removed through the implementation of an upper
and lower threshold limiter filter with a range approximately47,000 nT and 52,000 nSimilarly
the altitude and coresponding depth of the Geometriese validated to ensurdataexceeds agreed
standards.To determineregional background values, a stationary filter (smoothing constaag
applied to the raw magnetic trace (M1). A moving average;pass filterwasthen applied to the
data to remove minor background data spikes (M2). The residual magneticvi@ssubsequently
calculated byEquation6):

(Equation6) M1z M2 =K

where K is the residual trace. The total and residual magnetic fieldweidssubsequently generated
using Surfer 23 software&rigingwas used to grid both the residual and total field grids atm.5
resolution,with 5 m of blanking distancapplied A standard oflO nT (peak to peak SBasused to
automatically identify and pick magnetic targefargets with residual values approximate to the
threshold were also picked, where appropriate. A target shapefitethen exported and brought into
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the SSS/UHRS/MBES projestsen appropriate where theywere inspected manually over these
datasets to determine both thesource and the validity of the anomalous readipen noobvious
feature can be observed, other tdastringswere assessede(g.vessel log for nearby vessels, buoys,
sudden depth changes) that mdnave induced spurious data values. Induced anomalies (vessels,
buoys, depth changes etc) are removed from the list of anomalies. The total and residual magnetic
grids were exportedn multiple formats for conveniencg.tif, *.grd, *.flt, *.csv/*.xy2). This gridding
procedure was repeatetbr altitude and depth at 1 m resolution.

Figure22: GreenRebe® magnetometemprocessingand assessment workflow

13/02/2023 Page450f 171



SSEABWPProcessing and Interpretation Report r l GREEN

GRM_22G03_ABWP_PROC_001 REBEL

2.5.3 Positioning and navigation

The magnetometer data were positioned via Kongsberg UPAP UBBinwiccuracy of 1.3% of the
slant range Overall, the USBL regionally tracked the position of the magnetometer M@iever,
local scale variations were observeld§0 m) Navigation wobbles and inconsistencies are common
with USBL systems (cf. Li et al., 2018) aredeasily influenced by enviromental factors. The raw
magnetometer navigation trackontrasted with the processefilom the site (Figure63) showsthese
local scale variationghesevariationsare normal andvere rectified in postprocessing through the
application of smoothing filter<Occasional dropouts from the USBhducedby the magnetometer
losing connection with the USBL beacon onboard were naths wasnore appaent in the shallow
bank & landfall sites, whemeadingsrom the Geometrics were more inconsistent and neisducel.
Thiswasalso corrected ipostprocessing by interpolating the navigation between the observed error
windows. Within the survey thearea,approximately827.9km of magnetometessurvey line length
was required. However, it is worth noting that these values are skewed due to local scale variations
adding extra line length to each line.

Thetotal field and residualdata were gridded at 0.5 m resolution using a Kriging algorithnthie
Surfer softwareKigure66 and Figure67). To adjust foblanking, a 5m radius search limit was applied
in both the X & Y derivativeginally,the grids weremanually projected to the correct CR&fore
being exported irf.GRD, *.FLT, *.TIFF & *.CSV formEtss gridding process was repeated or altitude
and depth at 1m resolution.

2.6 Subbottom profiler

2.6.1 Data acquisition
2.6.1.1 Roman Rebel

Subbottom profiler data were acquired with a huthounted InnomamMedium 100 parametricub-

bottom profiler. The primary frequencyf 100 kHawasused to determine the bathymetry and the
secondary frequencyf 8kHzwas used todetermine the sukseafloor strata. All acquisition was
managed via Innomar SESWIN software, which visualised ratosigm profiles in re&time. Online

data was quality controlled in SESWIN to ensure acquisition parameters were optimised during the
surveyoperations Raw data were recorded as *.ses3 fidgsl subsequently converted to SEGile
format. Format handlingorocedureand the relevant trace header byte information are included in
Appendix 1Thegeophysicalines were surveyed with a line spacings6fm for mainlines and000m

for crosslinegFigure23)

2.6.1.2 Lady Kathleen

The Lady Kathleen is out fittegpole mountedinnomar standard 10parametric sukbottom profiler.

Similar tothe Roman Rebel, therimary frequency of 100 kHz was used to determine the bathymetry
and the secondary frequency of 8kHz was used to deterithieessubzseafloor strataAcquisition was
managedusing Innomar SESWIN software, which visualised rawkmitom profiles in reatime.

Online data was quality controlled in SESWIN to ensure acquisition parameters were optimised during
the surveyoperations Raw data were recorded as *.ses3 fiesa 32bit floating integerand
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subsequently converted to SBEXGfile format. Format handling procedure and the relevant trace
header byte information arencluded inAppendix 1 The geophysical lines were surveyed with a line
spacingof 25 m formainlines ad 1000mfor crosslinesKigure23).
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Figure23: SBPtrack lines for processedrom the Roman Rebel and the Ladgthleen Colours denote the
individual survey areas.
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2.6.2 Processing workflow

Subbottom Profilers (SBP) are used to image and characterise the physical properties of the sub
seabed and its internal structure. Sbbttom profiler processing aims to generateghiresolution
images that can aid geological interpretation and characterisation of the study area. The general
workflow is outlinedFigure25).

2.6.2.1 Postprocessing navigationinjection

Duringacquisition atiming issue between thénnomarunit and Qinsyunit caused a temporary un
synchronisationFollowingacquisition the data wereassessed fonavigationquality at the officeby
checking the trakpLot navigationfor eachline. Qinsy navigatiorwas replayed on the vessel and
exported out as logfiles\ total of 55sub-bottom lineswereidentified as having no navigatigrigure
24) anda timingoffset was notechetweenthe timestampsof the SBP data and the Qinggck pLot
data. The Qing/ trackpLot logfiles were adjusted toaccommodate thetiming offset manuallyby
adjustingthe start times of the logfilegso match the SBRmestampsand following this step were
injected into the RAW files usirige SISReplacefunctionin the ISEZoftware In some cases a timing
issuestill existedand a 200- 400 metre offsetcould be observed ithe newly injected dataAs a
secondary fixall data were crossreferenced withthe MBESandeach linemanuallygeoreferenced to
the bathymetry gridoy using contacts and seabed features prominent in both data sets.

2.6.2.2 Signalprocessing

Before signal processing, SBP data files were converted from *.ses3 format into *.sgy format using SES
Convert v. 2.3. The *.sgy files were then imported into SonaR/i29.04 posprocessing software,

where quality, range and navigation were checked. QC was performed to identify any problems, gaps
or excessive noise in the data. All data were cidsscked using ISE v.2 to ensure data quality by
identifying reflectorsand features within the 2D profile data.

Using SonarWiz, the data were bottamacked using the threshold detection bottetracking
algorithm and the results were manually adjusted where needed. Subsequently, the dataset was
vertically referenced to LATFigure31) . A corrected bathymetric grid for the area was imported and
provided a reliable tidal, heave and sound velocityrected surface for assreference. Following

LAT datum correction, the data were filtered, and the water column blankigife32). Filters were
applied to remove excei& noise and improve the visibility of sgbabed reflectors. Firstly, data
were corrected for heave and swell. After corrections, a hamming bandpass filter was applied (3000
9000 Hz). Water column noise was removed from the data by applying water colamking. After

a preliminary inspection of the data, reflectors were digitised systematically, starting with those
closest to the seabed.
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Figure24: Post processed navigation for SBiPeaLotlA
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Processing step Qc Data fomats & deliverables

Cross-check with logs
for completeness

Assess penetration depth,
visibility of harizons

-

Cross-correlate obhservations
with other datasets

Figure25:DNB Sy  w Sbottdrh @diiler @latadprocessing and assessment workflow

2.6.3 Tidal and datum control

The sub-bottom profiler was hull mounted and receiwgits ellipsoidal absolute position from the
iXBlueHYDRIN$a Global Navigation Satelliteyssem inertially aided), with centimetric accuracy
vertical positioning corrections. Subsequently, the SBP transducer datzdézte reduced to the
survey datumLAT Thiswasachieved bycorrecting the bottomtracked SBP data to datuoorrected
bathymery during postprocessing using the SBP vertical offset tool available in SonarWiz.

2.6.4 Resolution and penetration

The theoreticalvertical resolutiondepends on the physical parameters of the used frequency and
pulse length. Itan be calculateds
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Where thepulse length”Y -, fis the centre transmitted frequencgndu is the sound speed in a

medium.The Innomasub-bottom profiler was operated using a transmitted frequency of 8,khizs
providing a vertical resolution of up @05 m.

The Innomar medium 100 SBP has a transmit beam width°d¢at the reference level o8dB), which
corresponds to the footprinbf c. 3.5% water depth. This means that at 1 m water depth, the
horizontal resolutionis 0.035 m. The average depth at the survey site, calculated from the MBES
bathymetry, equal®5.5m. Hence, the mean SBP beam footpdutring the survey operationsas
0.89m. The typical sample frequenayas 96,000 sampleswith a mean 0f6400 samples per echo
recorded.The signal pulse length wag0ps.

The range length for the recorded Innomar SBP data was adjusted when needed during the survey
operations accordingo the observed water depth and stdeabed penetration and spans between

30 and50m. The parameters above optimishe Innomar sufbottom profiler to capture a range of

up to 15 m below the seabed. However, the penetration depth largely depends on the acoustic
properties of encountered substrates.

2.6.5 Data quality and signal processing

Subbottom profilers define and characterise sediment structures in the shallow subsurface (i.e.
unlithified sediment$ but can also detect the surface of the underlying bedrock under the right
conditions. Given that the sufurface features can be walklineated in the raw data, the Innomar
SBP data meet specificatioand fit for purpose. Subeabedreflectors are evident and display a
strong signal where present everywhere across the survey area.

Some data were affected by weathiErduced noisegiven the sensitivity of the Innomar transducer

to collision with air bubbles during less favourable states. This phenomenon typically occurs as
GSNIAOIFET &dNARLISa Ay GKS RFEGF FYR A& 1y26y | &
(Figure32). Despite these artefacts, seabed reflectors are visible, continuous and can be objectively
resolved. Thenoise unaffected the penetration depth ands mentioned in the previous subsection,
depends on subsurface geologhhroughout the datasestatic seabedoffsets are apparentThis is

likely due tothe altering of the recording range setting during acquisition astthasducermoved

from shallow to deepwater (Figure30). Offsets in the datavere corrected by manually bottom
tracking the seabed and correcting the surface to the MBES sufapae30).

The raw datdrom the Innomar Mediunshow a notabldow-frequency noiseKigure26) recorded (up

to -27 dB at <3000 Hz) and some additional interference at the higher frequency (> 8000 Hz).
Slmailarly, the raw data from the Innomar Standahbw low frequencynoise (Figure27) recorded

up to (-29 dBat < 3000 Hayith notable notches a6000 Hz and 8000HL.is expected that the noise
experienced at lower frequencies is ambient noise within the water columnfaord the vessel
(Figure 32), while noise associated with higher frequency is likely introduced from other survey
equipment e.g., multibeam echosounder SSSThis interference can be cleaned and filtered out
post-processingoy applying a bandpass filtdo removethe excess low andighfrequency signal
components The stegby-step filtering process is described in ssdction2.6.22
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2.6.6

Final produc(Quality)

Noise artefactgan be corrected and improved during data processing through signal processing, gains
andfilters. Therefore, after bottom tracking filtekgere chosen andpplied to theacquired SBP data

based

on frequency distribution of the i@ visible irthe spectrographsKigure28 and Figure29). A

a1 F YYA Y BandpassvasSitilised, filtering noise from a frequency rangg2000 Hz ta9,000
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Figure30: Top imageRaw sukbottom profiler data before processing displaying heave at the seabed and a static offset. Thenblemréisents the MBES grid surface
before LAT correctioBottom image Processed data shows the bandpass filter has cleaned thed aigth enhanced reflectors. Heave and swell have been removed from the
data.
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3 Classifications

3.1 Seabedrargets

Sevenypes ofseabedcontacts were identifiedn the ABWPsite (Table6).

Table6: Types of seabed contacts

Contact type Description

Boulder Rock>0.3 m

Debris Small contacts, likely anthropogenic

Outcrop Bedrock protruding fronseafloor

Pipeline Linear contactross referenced versus known pipeli|
Linear Contact Unknown contact, lineamorphology

Sonar Contact Unknown contagctalternativemorphologies

Wreck Shipwreck

3.2 Inferred Seabed Sediments

8 seabed sediment types @0 classes outlinedy Fonseca et al., (2009)ere used tocategorisethe
ARAresults(subsectior?2.3.3. These are summarisedTable7.
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Table7: Seabed sedimeicategories used to classify ARA results

1

GREEN
REBEL

Texture | Sedimenttype Description*
Coarse to gravelly sand 4
Medium to gravelly muddy sand 5
Medium sand 6
Fine sand 7

° Siltysand 8
< Muddy sand 9
S Very fine sand 10
< Coarse silt 12
o Sandy silt 13
= Medium silt 14
Sandy mud 15
Fine silt 16
Sandy clay 17
Very fine silt 18
Clay 20

*Values listed are an empirical representation of cladsssribed in QPS FMGiww1)

3.3 Sedimentological bedforms

Two types of sedimentological seabed forms wemed to categorise MBES bathymetry, MBES
backscatter and SSS resulihese are summarised Trable8.

Table8: Sedimentological bedform categories

Feature Name

Feature Morphology

Wavel
Sandwaves ave engthKLOm
Height>KL m
i Wavelengtit00m
M I
s Height>KLO m

3.4 Magnetometric Targets

Magnetic targets were identified as havingesidual range of > = T, as outlined in the scope of
works. Within this range, four target typegere classifiedased on the characteristic of the residual

signal(Table9).
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Table9: Magnetometric target classifications.

Target classifiation Description

Monopole Target with asingularpositiveor negativesignature

Dipole Target with both positive and negative signatures

Complex Target with multiple positive and/or negative signatures
4 Results

4.1 Regional GeolggReview

Thepresent day seabeldathymetryand structureis a result opre-quaternary processes, quaternary
glacial processes anthe modern hydodynamic regime.The are@d K& RNRReEyl YA O
dominated bytidal currents and ischaracterisedby coarse sedimest sad wave fields and gravel
banksWaves are generally characteridegla shoriperiod with a linited access foswell waves to the
basin, as it is partially enclosed.

4.1.1 PreQuaternary Geology

Thepre-quaternarygeology acrosthe ArklowBankischaracterisedythree different formationtypes
; Cambriansandstone Cambrianrmetamorphicand Ordovicianslate. Thisis basedon the (EMODnet
Map Viewer (europa.euoffshore bedrockmap where chronologicaand compositional information
indicates the presence gredominantlyCambrian an@®rdovician metasediments and volcanithe
onshoreformations mostlikely presentoffshorearelisted inTabk 10.

Tablel0: Rock formation found in Row onshoreregion

Geological Period Formation Description
Ordovician Oaklands Formation Greenred purple slate
Dolerite Basaltand | 6 06 NB Qa

Arklow Head Formation Blackslates overlain by rhyolitic tuffs

Ballymoyle Formation Rhyolitic volcanics grey andblack slate.
Kilmacrea Formation Dark grey slateninor palesandstone
Maulin Formation Dark bluegreyslate, plyllite and schist
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Figure33: Bedrock geologynap displayingOrdovicianslate (pale green)Cambriansandstone(yellow) and
Cambrianmetamorphicrock (dark green bedrock extentén the survey site(SourceEMODnet Map Viewer
(europa.eu)

4.1.2 Quaternary Geology

The Irish Sea was glaciated during the Last Glacial Maximumq2d ka BP; Scourse et al., 2019; Van
Landeghem & Chiverrell, 2020) when the Irish Sea Ice Stream advanced through the Irish Sea, eroding

and reworking sediment, and depositing variable thicknesses of glacial diamict. This diamict was often
deposited directly on the bedrock and is referred to as the upper till member (Jackson et al., 1995).

¢ KS dzLJLISNJ GAf € YSY0o SNIJ O2natdnah and B oftén ofdRcondofidateni 2 dzf R S|
(Coughlan et al., 2019; Mellet et al., 2015). During the retreat phase of the Irish Sea Ice Stream during
deglaciation, large amounts of meltwater were discharged along with outwash material in the form of

a heterog@meous mix of sediments, predominately gravels, with mud, sand, and cobbles, referred to

as the chaotic facies (Coughlan et al., 2019; Jackson et al., 1995).

¢KS &adzoaSljdzsSyd YIFNRYS NI yyadankSranorke yiuch of tRe glaidh a Sy (i n
and postglacial sediment in the south Irish Sea into a mosaic of substrates (S. L. Ward et al., 2015).
These processes created a series of dynamic bedforms, including migrating sediment waves, in an area
dominated by coarse lag deposits. The sediment waveg ira size and morphology, with the

magnitude of migration highest in the central Irish Sea, with average rates of up to 35 m/year,
decreasing northward (Van Landeghem, Uehara et al., 2009; Van Landeghem et aCda2@t#lan et

al., 2020).
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Figure34: Map displaying the extentrish Sea Basiand the extentof the Irish SeaStream (ISIS) flofvan
Landeghenet al., 2029

The nearshore marine environment off the east coast of Ireland is characterised by a secieasbf
parallel, northsouth trending linear sandbankg/arren & Keary, 1989; Keariills, 1996; Molloy &
Kennedy, 2001)The Arklow Banks a dominant geomorphological feature around 12 km offshore
Arklow town and it is situated in an area known as th&hlPlatform, which occupies a corridor some

20 to 30 km wide off the east coast of Ireland. The Arklow Bank is a ridge approximately 25 km long,
oriented roughly northsouth, around 1.5 km wide and reaches heights e3 2n above the
surrounding seafloorsandwaves and megaripplese common in and near the sitélet average
annual rate of sediment wave migration in the investigated Arklow Bank area was previously reported
as 27 mly (Van Landeghem et al., 20I)e seafloorin the areais dominatedby sandand gravel
depositedby anicefront duringthe last glaciationThrough analysis of seismic profiles, Hanna (2002)
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interpretedthe bank as a moraine formed during the last glaciation across the area. Furthermore, the
bankis located soutkeast of the inérred limit of the Delgany Moraine, which might suggesit the

two ridges were part oh morainic system. However, no evidence has been reported to ddtdlyo

test this hypothesis.

Around 10 ka BP, sea level rise caused reworking of sediraettie surface formed predominantly

by sandy sediments. Areas around the bank are also characterised by mobile sand overlaying glacial
clays. To the west of the bank, gravels are exposed on the seafloorsNew@ hydrodynamics (e.g.
waves, tidesare considere@s a major control on the sandbank morpholagyl coastal configuration
(Hanna, 2002).
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4.2 General narrative on the survey results

Water depths range from2.07 m to -56.52 m. The site is characterised by a relativielw relief
bathymetric surface witim the cable corridorsHigh lathymetic reliefis seen in approach and on the
Arklow bank.Anthropogenic features such as shipwregk®duce high relief Localised gradients
exceedin@®0° were observed in areas of seafloedsnent wavesnd sites where debris is potentially
present. Backscatter values were simultaneously recorded during bathymetric acquisition and gridded
to a resoluton of 03 m allowing for a nosnvasive sediment classificatioBeveral morphological
features were observed in the site, including: a large presencsantiwaves megaripples and
sediment wavesThe seabed surface substrate is interpreted to consist of marine sands, muds and
gravels. Sheets of mobile sandy drifts are also present across the proposed site.

The ABWPsurvey area shows predominant facies of medium to cosesiments where it can b
assumed higher current velocities are preseéMhere in thelandfallareaand Area Ein the ABWP
survey there is a low incidence sédndwavesor megaripples, suggesting a lower current velocity
supported a presence of finer grained facies type claysatalg clay.Five sub-surface units were
identifiedin the SBP and datasetdentified geohazardsuch as shallow gas and palagmannelinfills
showed, in places, correlation with magnetometer data.

Noteworthyestimates about seafloor sedimen®ibstratesandsub-surfacesubstrategresent in the

area, cannot be deemed reliable without a geotechnical investigation and dedicated sediment
sampling campaigrSuch an investigation wouldirther rectify uncertainties associated within the
subsurface datasetshus reducinguncertainties associated with interpretation.
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4.3 Multibeam bathymetry
4.3.1 Lot1lA

4.3.1.1 IHOOrder 1aCross Check

EachAreapassed the IHGpeciaOrder cross check examinatiohaple5; see alsd-igure35).

Figure35: Cross sectional view of multibeam soundings accepted t&pd€iaDrder standardérom Lot 1A
Yellow dashed lineepresentsIHOSpeciabrdervertical maximum sounding®ink area represent85%
Confidence IntervaBlue area represerntmean offset values.

4.3.1.2 Final bathymetric product

The finaLot 1Abathymetric surface was gridded @3m x0.3m pixel resolution. Water depths range
from -1.99m to -40.13 m (Figure37). The site ixharacterised by a relatively flat bathymetric surface
with sandwavesand megarippleswith superimposed sandwaves

Lot 1A of theABWPsurvey area can be described as displaying a relatively flat topogveitiha few
exceptions(Figure36). These exceptionare areaswith localpresence of megarippldaa cable route
CR2 and on approach tat 1B areasvhich exhibit gradientérom 10° to 83°. Anthropogenic seabed
features suclasshipwrecksare also observescattered across the survey site which displaadients
up to 83.3%. High slope gradierdg highlight the areas of potential geohazamtcurrencei.e.,
shipwreckssedimentological bedformsf various scales and individuzbjectsand debris
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Figure36: Lot 1A lathymetric slope measured in degre@s inset showin@igh slope values associated with the
presence of megaripple3he location of the inset léghlighted with a box on the maimap presented on the
left side.
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Figure37: ABWPFLotlAbathymetric data coloured by depth (m)

4.3.2 Lot1B

4.3.2.1 IHO Order 1a Cross Check
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Figure38: Cross sectional view of multibeam soundings accepted to IHO Special Order standatas tBm
Yellow dashed line represents: IHO Special order vertical maximum soundings. Pink area represents: 95%
Confidence Interval. Blue area represents: mean oftsees.

4.3.2.2 Final bathymetric product

The Lot 1Bbathymetric surface was gridded at 0.3 m x 0.3 m pixel resolution. Water depths range
from -2.16 m to-56.52 m Figure39). The siteis characterised by aomplex bathymetry with
sandwavesand megarippleswith superimposed sandwaves

Lot 1B in theABWPsurvey areds characterized bg high relief bathymetricstructure (Figure40).
Sedimentological bedforms presentaneas such aSR2b and CR3 the southexhibit gradientfrom

0° to86° and anthropogenic seabed features such as shipwreden in CR2&een scatteed across
the survey site which display gradients up8©.04. Fromthis dataset, it can be derived that slope
gradient can highlight the areas of potential geohazard concern i.e. shipwraggaripples and
sandwaves
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Figure39: ABWPLotlBbathymetric data coloured by depth (m)
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Figure40: Lot 1B bathymetric slope measured in degrees. (a) inset showing high slope values associated with the
presence of megaripples. The location of the inset is highlighted with a box on the main map presented on the
left side.
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4.3.3 AreaE

4.3.3.1 IHO Order 1a Cross Check

Figure4l: Cross sectional view of multibeam soundings accepted to IHO Special Order standards from Area E.
Yellow dashed line represents: IHO Special order vertical maximum soundings. Pink area represents: 95%
Confidence Intenl. Blue area represents: mean offset values.

4.3.3.2 Final bathymetric product

The Area E bathymetric surface was gridded at 0.3 m x 0.3 m pixel resolution. Water depths range
from-23.57m to-40.35m (Figure42). The site is characterised Giverse morphologwith flat areas
ridgesbut alsosandwave fieldand megaripplesn its eastern sideA pronounced, positivedge-like

relief covered with sandwaves is also presenthe centernorth part of this area.

Area E in thABWPsurvey aregienerally has a downwards slope trend towards the eastiénmerction
with areas of local higklopegradients(Figure43). Thehigh-slope gradientsare concentrated along
the megaripplesin the eastwhich exhibit gradientérom 0° t075.36°. Thesdeaturescan beseen to
be an extension othe same megepple chainseen inLot1B(Figure40; see alsd-igure45). High slope
gradients in thisareacan be associated withotential geohazarsli.e. shipwrecksmobile sandwaves
and megaripples
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Figure43: Area E bathymetric slope measured in degrees. (a) inset showing high slope values associated with the
presence of sandwaves. The location of the inset is highlighted with a box on the main map presented on the left
side.

4.3.4 Sandwave and megaripples

Sandwaves and megaripples were widespread throughout the site and were analysed using the MBES
bathymetry. Sandwave and megaripple shapefiles were delineated in ArcMap 1As3rhanual
delineation through vectorization can be highly wdijve, the semautomated residual relief
modelling approach was used to separate the sediment waves from the surrounding geomorphology.
The workflow relies on a higbass filtered digital elevation model (Majcher et al., 2020; Wessel, 1998),
combined wih a breakpoint classifier. Two separate circular fpgis filter moving mean kernels,

with 5 and 15 m radii were chosen to delineate sandwaves and megaripples, respectively.

This classification system separates the geomorphological features basedtve differences to focal means,
rather than observed heights or wavelengths. It was chosen as the sedimentmegseology is highly variable

in the area. Nevertheless, It was observed that the delineated sandwaves are typically characterized by
wavelenghs ranging from 5 to 10 m and heights from 0.1 to (Figure44a;

Tablell)., while the much larger megaripples have wavelengths of 50 to 200 m and heightsidi thtgigure
44b;

Table11).

The sandwaveare present across the investigated areas both as extensive wave fields and individual,
linearly distributed sand wave traifiBigure45). Occasionally, smaller, isolated groups containing only
several waveforms are visible in the data. The megaripples form fields and are always covered with
pervasive sandwaves, migrating ovrem. Across the whole survey site 7.4% coverage was
comprised of sandwaves, and 0.4% was made up of megaripples, respectively.
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