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Executive Summary

Survey Summary

Survey Vessel: RVTom Crean Survey Leg: TC23_02
Mobilisation: Cork Demobilisation: Galway
Survey Areas: Atlantic Ocean Start Date: 13/05/2023
End Date: 28/05/2023
Northeast Boundary 52°50.029N Southwest Boundary 52°30.093N
-10°6.601W -10°59.264W
UKHO Admiralty 0002 (1:1,500,000R254 (1:150,0008 2173(1:150,000)
Key References TC23_0ZFurvey Leg Report ®&23_0ZExecutive Report
Equipment Used Kongsberdg=M204M® MKIIMBESKnudsen 3260 Chirp sioottom profiler,
SeaSpy magnetometer, AML MBIF350, Valeport SVP Mini-8av 3050
GNSSSeapath 380.R

Survey Statistics

Minimum Water Depth(LAT) 84.9m Maximum Water Depth(LAT) 131.7m
Area Covered: 1714km? | Survey Line Kilometres: 4174km
Operational Time: 815% Weather Standby 0.0%
GroundTruthing Stations: 5 Wrecks 1
H525 forms issues (wrecks) 1 H102 forms issued (shoals) 0
Survey Trackines MBESBathymetry Overview
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Survey Images
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Full Name

AML Oceanographic

Combined Uncertainty and Bathymetry Estimator
Department of theEnvirmment, Climate and Communications
Differential Global Navigation Satellite Systems
Daily Progress Report

FledermausSeocoder Tool

Geographic Information System

Global Navigation Satellite Systems

Geological Survdyeland

Hips Vessel File

International Hydrographic Organisation
International Maritime Organisation

Inertial Measirement Unit

INtegrated Mapping FOrthe Sustainable Development dfelands
MArine Resource

Irish National Seabed Survey

INFOMAR Survey Unit

International Terrestrial Reference Frame 2014 (ITRF2014)
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Marine Institute
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National Parks & Wildlife Service

Personal Protective Equipment

Pulseper Second

Precise Point Positioning

Quality Integrated Navigation System

Real Time Gypsy

Research Vessel

Sub Bottom Profiler

Seafloor Information System

Sound Velocity Profite

Total PropagatetUncertainty

UK Hydrographic Office
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uTC Coordinated Universal Time
VORF Vertical Offshore Reference Frame
WGS World Geodetic System
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1. Introduction

1.1 Project Overview and Objectives

Geological Survey Ireland (GSI) and Marine Institute (MI) conducted seabed mapping between 2003
and 2005 under the auspices of the Irish National Seabed Survey (IN$&@pidgcontinuedfrom

2006 to present day under thiNtegrated mapping FOr the sustainable development of Irelands
MArine Resource (INFOMAR) programriid¢SSwhich commenced in 1999 under the @&is one of

the largest marine mapping programmes ever undertakgobally with a focus on deep water
mapping. INFOMAR is a joint venture between the GSI and the Mliarfdnded by the lIrish

Govenment through the Department othe Enviroiment, Climate and CommunicationsEOG.

INFOMAR Phase 1, 2006 to 2015 focused on mapping 26 priority bays and 3 prea#yasund

Ireland and creating a range of integrated mappingdurcts of the physical and biologidahtures of

the seabed in those areas. NF OMAR Phase 2, 2016 to 2026 intends
entire seabed. Figure 1 shows the exterdf the continental shelfmapped area under INSS and
INFOMAR and the ostianding areas as of January 30Zreyareashave already been mapped and

blue colouredareas are omapped. Coloured hatched areas are designated for mapping 8202

In 2018,the remainng survey area wasplit at the 30 nautical mil@\NM) limit. The inshore survey

fleet, managed by GSl is responsible for mappiagore 0f30NM and the Ml vessels are responsible

for mapping the offshore Operational requirements sometimes necessitate that the Ml vessels map
inshore of 30 NMSurvey areas are defined into gridded survey units known as INFOMAR Survey Units
(ISUs).ISUs are all 1006m?in size and are uniquely identifiable by a letter e x-axisand number

on they-axis Each ISU areoloured in a shade of blue/hich indicates the modal water deptiithin

that ISU.Qolour scales are useth denotethe three depth bands0 to 100m, 100 to 150m and 150m

plus.

TC23_0Report Pagel
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Figurel: Suvey coveragand 2023designated operations areas

MI supplied he research vess&VTom Creamnd experienced personnel for the survey.

The scientific aims of the survey were to:
() Undertake a MultibeanEcho Sounder (MBES) hydrographic survey to a minimum standard of
International Hydrographic Organisation (IHO) Ortlarin water depths less than 100 metres and

Order2in water depths greater than 100 metres

TC23_0Report Page2
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(i) Produce bathymetry, shad relief and lckscatterproducts to provide depth, seabed features

and seabed hardness/roughness information.

(i) Acquire Sub Bottom Profiler (9Bfata of the shallow subeabed to determine the existence of

buried objects and ascertain the sgbabed character.

(iv) Acquire magnetonter data to investigate the subeabed geology and provide information on

man-made seafloor debris.

(v) Map in detail and prodie hydrographic wreck reports for all encountemsdecks.

(vi) Acquire sediment groundtruthing data toggort creation of substrate maps.

1.2 ProposedSurvey Area
The 203 INFOMAR Operations Plaas agreed between Ml and GSI at the start of the year, circulated

to stakeholders and published onlia¢ https://www.infomar.ie.

Figure 2 shows thdesignatedmapping arean the Atlantic Oceanlt was agreed that the Ml would
operate both outside and inside the 30 NM as this area is particularly difficult to map with the inshore
fleet. Predicted survey coveradger the RVTom Crearsurvey seasomvas 8812 km?based on86

charter daysandfrom analysis of historicalurveystatistics

TC23_0Report Page3
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INFOMAR PROGRAMME
Proposed Survey Areas 2023

n INFOMAR

Figure2: ProposedRVTom Crear2023 survey arean the Atlantic Ocean
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2.  Operations & Survey Setup

Mobilisation took place in Corlon 13" May. Hydrographic and geophysical survagquisitiontoo
placebetween 13" and B" May. Kevin Sheehanf the Ml actedas Party Chief The survey team

comprised siled personnefrom the Ml

2.1  Survey Track Lines
Thefinal surveytracklinesimage in Figure 3 groduced in ArcGIS software, after exportaof initial

shapefilefrom Teledyne Caris HIPS & StP®ftware Data acquisition occurred in onemtiguous
area off theClare coastMain lines were acquired on Ea¥test reciprocal headings.

11“0;0”W 10"5?‘0”W 10“4?'0”W 10"3?‘0”W 10“29'0”W 10“1?'0"W

TC23_02 Survey Tracklines [

[F52°50'0"N

[-52°40'0"N

il
il

o5 10 20 Kilometers
I Y T N N | i F527300"N

Figure3: Surveytrackline plot produced inreledyneCaris andArdGIS software.

2.2  Summary of Events
A summary of the key evenispresented inTablel. Times are in Coordinated Universal Time (UTC).

Daily ProgresReports (DPRs) were distributed to management and INFOMAR personnel on a daily

basis

Date and time Activity
13/05/2023 00:00 Portcall Cork City.

TC23_0Report Pageb
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13/05/2023 11:00 Mobilisationcommenced.

13/05/2023 16:00 Mobilisation canpleted. Transit to site.

14/05/2023 13:30 Survey operations commenced off Clare coast.
16/05/2023 09:30 Downtime Vessel. SIS crash.

16/05/202310:10 Recommenced survey operations.

16/05/202312:39 DowntimeVessel. SIS crash.

16/05/202313:32 Recommenced survey operations.

17/05/202311:47 Downtime Vessel. Technical issue with the propeller.

17/05/2023 17:28

Recommenced survey operations.

20/05/2023 11:50

Downtime Vessel. SIS crash.

20/05/2023 12:08

Recommenced survey operations.

24/05/2023 16:00

Muster and firefighting drills.

27/05/202321:50 Transit to port commenced.
27/05/2023 13.00 Arrive Galway Port.
27/05/202323:59 Demobilisation completed.

Tablel: Summary okurveyevents

2.3 Survey Personnel
Survey personnel, their affiliation and relare listed in @ble2.

Name Affiliation Dates Role
Kevin Sheehan MI 13" - 28" May Party Chief
Oisin McManus M 13" - 28" May Surveyor
Fabio Sacchetti Ml 13t - 28" May Data Processor
Ava O’ Su UCD 13t - 28" May Student

Table2: Survey personnel details.

2.4 Health, Safety and Enviroment
All personnel joining the vessel were given a safety induction tehich was recorded by th&econd

Mate. Medical and Personal Sea Survival certifications for all personnel were cieckalilityprior

to departure. A number of ship policy forms were signed by all personAdiluster drillwasheld

within 24 hours of joining the vesseMagnetometer, Moving VesselProfiler (MVP)and Day Grab

operationswere performed by vessel crew and without incident, with personnel wearing correct

PersonalProtective Equipment (PPE)

25 Marine Mammal Observations
National Parks and Wildlife Service (NPWS) publish@alda of Practice for the Protection of Marine

Mammals during Acoustic Seafloor Surveys in Irish Waie907. An updated document titled

““Gui

dance

t

(0]

Manage

t he

Ri-nsaleSbo nMa Sone c Mla mma |

was published in January 2014. Full details of blotumens are published on the NPWS website

TC23_0Report
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https://www.npws.ie/. The cde and guidance arapplicable to alSBRpinger or chirp)MBES and

sidescan sonasurveys in bays, inlets or estuaries and within 1500 m of the entrance of enclosed
bays/inlets/estuaries.All operations were outside of the areas covered underadaheveguidelines.

No Sightings were observeldiring the survey.

2.6 General Survey Information
A summary of key survey statidits contained indble 3.

Total Line Length (km) 4174
Area Covered (ki 1714
Operational (%) 815
Transit(%) 9.6
Port Cal(%) 5.7
Weather Standby%o) 0.0
Mobilisation (%) 1.3
Downtime Vessd[%) 2.0

Table3: Key sirvey gatistics.

The pie chart iniGure 4 illustrateshe cumulativesurvey activitystatisticstakenfrom the final DPR.

Survey data acquisitn accounts for approximateB2% of thechartertime.

Normalised to Operational Window

O Port Call

O Weather Standby
O Mobilisation

O Standby

O Transit

O Survey Operations
O Support Operations
O Downtime Survey
O Downtime Vessel

Figured: Survey statistics pie chart

TC23_0Report Page7
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3 Survey VessdDffsets, Equipment and Data Acquisition

TheRVTom Crear{Fgure 5) is a multipurpose research vessel owrggd Ml and managed by&O
Maritime. The vessehas wet, dry and chemical laboratories, which are permanently fitted with
standard scientific equipment and can accomrated13scientists with a maximurandurance of 21
days. It hasahigh resolutiordual headEM204® MKIIMBE Ssystenfitted on a retractable polghull-
mounted dirp sourceSBR two GNAYV Differential Global Navigation Satellite Systems (DGMES

as primary navigation analSeapath 38@Ras secondary navigationThevessel has twdlotion Gyro
Compases (MGC)used within the Seapath 38RasInertial Measurement Unitl1U) and as stand
alone International Maritime OrganisationIMO) type approved gyrocompassAll necessary
geophysical and DGPS positioning equipment wereirmm®lled, calibrated and tested prico

commencement of survey activities.

Figure5: TheRVTom Crean

Detailed vessel isfmation is contained inable4.

Parameter Numeric
Length 52.8m
Beam 14.0m
Draught 52m
Power Generation 2 x 1350 kw, 1 x 400 kw
Main Propulsion Motor 2000 kw
Speed 10 knots
Max Scientists 13
Crew 12
Endurance 21 Days
Other DP1 Dynamic Positioning

Table4: RVTom Creaivessel information.

TC23_0Report
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3.1 Vessel Offsets

AnkoMaritime ASperformed an offset survey of theVTom Creaiin May2022 while in dry dockin Viga Spain The coordinate reference system is shown

in Figure 6.
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Figure6: Coordinate Reference System.
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Vessel offsets are presented in Table 5 below.

Iltem Y (+Sth) X (+Fwd) Z (+ Down) Description
MGC R3 0.000 0.000 0.000 Accelerometer Cross Point
MGC R2 0.492 -0.008 0.000 Accelerometer Cross Point
Seapath Aft 0.717 -4.229 -23.313 Geometrical Centre
Seapath Fwd 0.734 -1.729 -23.301 Geometrical Centre
CNAV Port No. 1 -0.144 -3.019 -23.462 Geometrical Centre
CNAV Stb No. 2 1.604 -2.975 -23.458 Geometrical Centre
Wind Sensor Stb 8.415 -0.355 -16.813 Geometrical Centre
Wind Sensor Port -6.942 -0.396 -16.803 Geometrical Centre
2040 TX 0.728 8.654 6.343 Centre Face
2040 RX STB 1.077 8.776 6.177 Centre Face
2040 RX Port 0.388 8.798 6.177 Centre Face
TX Frame 0.520 3.298 5.131 Centre Face
RXFrame 0.821 3.405 5.128 Centre Face
Test Hole aft 0.249 5.141 5.254 Centre Face
ES38 0.748 4.863 5.259 Centre Face
Empty Hole Drop Keel 0.473 4.612 5.258 Centre Face
ES333 0.432 4.408 5.260 Centre Face
ES120 0.662 4.469 5.259 Centre Face
ES70 0.980 4471 5.260 Centre Face
ES18 0.746 3.999 5.262 Centre Face
Net Hydrophone port 0.291 3.743 5.230 Centre Face
Net Hydrophone stb 1.207 3.737 5.232 Centre Face
ADCP 0.731 2.669 5.252 Centre Face
Sensor Bow Square 1.015 16.303 5.235 Centre Face
SensoBow Round 0.425 16.259 5.236 Centre Face
Hole Bow 0.583 16.495 5.238 Centre Face
Ranger2 0.425 -10.340 8.060 Fully Extended
SuU92 2.033 13.471 6.629 Fully extended
SubBottom profiler 1.043 9.707 5.248 Centre Face
SubBottom Sensor 1 0.332 9.502 5.247 Centre Face
SubBottom Sensor 2 0.534 9.503 5.247 Centre Face
SubBottom Sensor 3 0.738 9.501 5.248 Centre Face
SubBottom Sensor 4 0.333 9.707 5.248 Centre Face
SubBottom Sensor 5 0.536 9.709 5.248 Centre Face
SubBottom Sensor 6 0.740 9.707 5.248 CentreFace
SubBottom Sensor 7 0.333 9.907 5.248 Centre Face
SubBottom Sensor 8 0.535 9.908 5.248 Centre Face
SubBottom Sensor 9 0.740 9.910 5.248 Centre Face
TX712 0.737 12.125 5.227 Centre Face
RX712 0.732 10.704 5231 Centre Face
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Draft Sensor Aft/Port -1.764 -28.520 0.789 Centre Face
Draft Sensor Aft/Stb 3.225 -28.530 0.789 Centre Face
Draft Sensor Fwd/Stb 2.423 17.800 3.333 Centre Face
Draft Sensor Fwd/Port -0.948 17.798 3.335 Centre Face
A-Frame Pad Eye Stb 2.127 -19.195 -8.195 Centre Hole
A-Frame Pad Eye Mid 0.731 -19.196 -8.191 Centre Hole
A-Frame Pad Eye Port -0.662 -19.191 -8.189 Centre Hole
T-Bar Pad Eye Aft 6.839 -13.742 -10.997 Centre Hole
T-Bar Pad Eye Mid Aft 6.842 -13.080 -10.981 Centre Hole
T-Bar Pad Eye Mid Fwd 6.850 -11.797 -10.965 Centre Hole
T-Bar Pad Eye Fwd 6.847 -11.148 -10.957 Centre Hole
CTD Derek Pad Eye Aft 6.054 -7.648 -6.053 Centre Hole
CTD Derek Pad Eye Fwd 6.088 -6.452 -5.840 Centre Hole

Tableb: Vessel offsets.

Vessel inclinations are listed in Table 6 below.

Item Roll Pitch Yaw
MGC R3 -0.27 -0.61 0.57
MGC R2 0.72 -0.25 0.35
Seapath N/A N/A 0.40
TX 2040 -0.02 -0.37 1.70
RX 2040 STB -39.96 -1.82 1.68
RX 2040 Port 39.94 1.14 1.98
ES38 -0.17 0.52 0.45
ES333 0.13 0.44 -0.05
ES120 -0.16 0.79 -0.12
ES70 -0.14 0.33 -0.05
ES18 -0.11 0.18 -0.19
ADCP -0.07 1.07 1.66
Ranger2 0.06 -0.69 -0.08
SU92 -0.10 -0.96 289.06

Table6: Vessel inclinations.

3.11 Multibeam Patch Test
Offsetscalculated during a patch teeh the 18" of February2023 were utilised on this surveyigure

7 shows the angular offsets prior the patch test
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Transducer setup

Figure7: Angularoffsets in SIS prior tpatch test

While most of theparameters above reflect those provided in the dimensional survey, pitch an
heading angular offsets for Rx1 and®Rxe not. This is because Kongsberg analysed the dimensional
survey and questioned the validity of these specific parameters which aretdmmm the mounting
frame standard anglesh@&y recommended to ustne pitch and heading of the Twhich are usually
more reliablethan the Rx valuewhen measured with total stations (due to londsseline) and then
adjust the Rxvalues based on patctest results. This was a key recommendation provided by

Kongsberg ahead of patch test.

On RVIom Creamoth Rx hag connectors pointing aft, i.¢hey are reversed. Roll, Pitch and Heading
Calibration values found for the rotated Rx heads are therefore also inverted. This is shown below
where observedffset conventioris swapped for Rx heads resulting in differences between Pitch and

Heading Instéation Angles for Rx heads and for Tx. Figure 8 shows the angular offsets post patch test.
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Transducer setup

Figure8: Angular offsets in SIS pgmtch test.

3.2 Survey Equipment

Table 7contains information on the survey equipment both permanently installed and available for

mobilisationon boardthe RVTom Crean

System

Type

Comment

Multibeam EcheSounder

Kongsberd=M204® MKI|

200, 300 & 40&Hz

SubBottom Profiler

Knudsen Chirp 3260

3.5 and12kHz

Sidescan Sonar

Edgetech 4200

100 and 500 kHz

Positioning GNav DGNS@®wo units) Seapat380-Rsecondary
Motion Gyro Compass Seapath 38(R 2" MGC as backup
USBL SonardyneRanger 2
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SoundVelocity Profiler Valeport SVP Mini Valeport Midas as backup
Moving Velocity Profiler AML MVP3EB50 Sound Velocity

Realtime Sound Velocity Valeportmini SVS Sound Velocity
Magnetometers SEASPY Overhauser Effect

Table7: RVTomCreanavailable survey equipment.
3.2.1 Technical Issues
SIS

1. Multiple errors appeared on the software QC windows including lost data on Numerical
Display, data not gridding and corrupt backscatter. Reboot of PC and PU resolved the
situation.

2. SIS PC froze after a reboot and a hard reboot was required to get it operational again. A KVM
reboot was also required. The same issue reoccurred several days later and required the same
solution.

3. A SIS projection issue which is a known software V5 bug means that background geotiffs get
stretched. The best solution for now until Kongsberg do a software fix is for us to only import
localized background images. This limits the stretct@ingck witrdata processors to ensure
we have not left any gaps during acquisition. Figure 9 shows the issue where the SIS grid is

offset from the background geotiff.

W10°22.0' W10°20.0'

Figure9: SIS grid showing an offset from the background geotiff.

MVP
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Spikes were observed on a couple of profiles. When imported tar&lS1sed in acquisition this

caused an artefact in the mbes data. Profiles are now checked nigoreusly,and spikes edited.

Day #7: 2023-05-20 (profiles: 8)
\ \

2.5 - | |
5.0 -
7.5 1
T 10.0 -
=
2 1251 00:43:00 [0070]
e 01:57:00 [0071]
15.0 A 02:52:00 [0072]
| 05:10:00 [0073]
17.5 - 05:28:00 [0074]
. 06:47:00 [0075]
550 08:33:00 [0076]
' 09:59:00 [0077]

1498 1499 1500 1501 1502
Sound Speed [m/s]

FigurelO: Spikes on two MVP das
3.3 Data Acquisition

3.3.1 Geodetic Parameters
Table8 contains the geodetic parameters used.

Local Datum Geodetic Parameters

Datum ITRF2014
Spheroid World Geodetic System 1984 (W-&$
SemiMajor Axis (a) 6378137.000 m
SemiMinor Axis (b) 6356752.314 m
First Eccentricity Squared (e”"2) 0.0066943800
Inverse Flattening (1/f) 298.257223563
Projection Parameters
Grid Projection Universal Transverse Mercator
Central Meridian Zone 29 (CM) 009° West
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Origin Latitude (False Lat.) 00.0
Hemisphere North

False Easting (FE) 500000.0 m
False Northing (FN) 0.0m
Scale Factor on CM 0.999600
Units M

Table8: Geodetic prameters.

3.3.2 Survey Datum, GNSS Tides and VORF Model
Table8 aboveprovidesdetailsof the vertical and horizontal datum applied duriogerations GPS

tides derived from high precision Differential Global Navigation Satellite Systems (DGNSS) do not

require accounting for changes in vessel draft or vessel squat values, as recorded deptiatad

directly to the WGS84 Ellipsoid. Depth measurements were reduced to Lowest Astronomical Tide

(LAT) using DGNSS tidal measurements and by then applying the VORF (Vertical Offshore Reference

Frame) model (LAT/WGS84 separation) as illustrateyurd-11below.

gl

GNSS Tides with

GNSS System [

Onshore .~
Geodetic Control

HW

3. Tide Height = Separation
between WGS84 Height
and VORF Height for LAT
(plus known antenna offset
from waterline)

Value applied to data; Tide
is removed. Data levelled to
VORF LAT.

Reduction of
Soundings to LAT

1.GNSS Ant Height

Lw

VORF
LAT

2. VORF Height

.| using VORF model

T T pep——

4. Depths
in relation
WGES84 el

LAT using
model...

are now reduced to

(Antenna-Sounder
height is known!)

recorded
to
lipsoid

VORF

3
WGS84 applied

- - to Ant Height.

| Ant. Height in
Relation to

Ant. Height in
Relation to LAT
(VORF)

WGS84 Ellipsoid

(At any pointin
Tidal cycle)

Ellipsoid WGS84

LTy
----------
LTy

Figurell: GNSS tides to LAT using VORF model.

3.3.3 Vessel Draft

A constant value of 0.3basenteredfor the waterlinein the installationparameters in SIS. This value

wascalculated from the dimensiohaurvey during dry dock
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3.34 AcousticSystems

A Kongsberd=EM2040 MKIhigh resolutionMBESmounted on a retractable poleas used for swath
acoustic acquisitionFirst bottom reurns from the MBE$roduce hitply accurate bathymetric data.
Additionally, backscatter acquired by MBE&ars contains important information about the seafloor
and its physial properties. Backscattgrovides valuable data to aid in seafloor classification and

important auxiliary information for a bathymetric suay.

The configuration consists of dual RX transdscand a single TX transducer “leamwidth each

when operating at 200 kHz frequency and°tbéamwidth each when operating at 400 kHEZhe
system operates at frequency ranges of 200, 300 or 400ntHzZ800 soundings per ping and allows
coverage of up to 10 times water depth on a flat bottom. It has a maximum ping rate of 50 Hz. The
200 kHz frequency was used for this survey. Primaryipoisig was provided by-8av5000 DGNSS.
Seapath 38@Rprovided secondary positioning. Kongsberg Motion Gyro CompHs§)(R3 provided

real time heading, heave, pitch, roll and velocity to the MBES system.

MBES data was recordeditkma | | for mat u Seifloay InfErmatign Softevareg 'Raw
files were continuously backed up on the vessel seatdeOL Tabled contains MBES metadata.

Descriptor Metadata

Survey lines Mainlines,Crosslinesnd Wrecks

Data Files 434

Date Created 14-05-2023 to 2805-2023

Dataset Size 260.0 GB

File Formats kmall, .kmwcd

Table9: MBES metadata.

United Kingdom Hydrographic Office (UKHO) guidelivexe implemented when carrying out wreck

i nvestigations. Three survey |ines along the
lines across its secondary axis to ensiutewreck coverage along both axe®re acquired. Véter
columndataloggng functionality in SIS wassed throughout the investigation. Beam angles, survey
speed, operational frequencynd pulse length wereonfigured for maximum resolutionWrecks

were reported to the UKHO using the standdtd H O-F 6 Hms ” . of onéwretkavassuftveyed

in detail.

AKnudsen hulmounted chirp sourc&BP operating at 3.5 kMas used for subottom profiler data

acquisition. The range and phase setting®re varied appropriately with water deptto maximise
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ping rate andesolution Thechirpsource is most effectivahigh resolutiorinvestigations of the top
20 or 30 m subseabedand where sediments are fine andhedium grained. The signal domst
penetrate bedrock.The Chirp 3260 is a blackbox systtat interfaces to a standard PC via a USB
connection. SounderSuite Windows application softwewatrolsdata acquisition. Raw data were
recordedin native Knudseformatalong with industry standard SEGY daRasitioningand MRU data
werefed directly fran the Seapath 38R QC was miatained by the online surveyorsiith reference

to the digital display; withpower, range gains, filter parameters and transnpulse adjusted as

required for optimal imaging All data were backed up to the vessel server. Tableontains SBP

metadata.
Descriptor Metadata
Survey lines All
Data Files 691
Date Created 14-05-2023to 27-05-2023
Dataset Size 12.7GB
File Formats kea, .keb & .sgy

Tablel0: SBP metadata.

3.3.5 Magnetometer

A Marine Magnetics Corporation SeaSPY towed Overhauserditegeter was used to acquire
magnetic fielddata. The system comprisestowfish, tow cable, deck lead at@nscever interfaced
to a standard Whdows based PC Acquisition parameterand QC werecontrolled via Marine
MagneticsBOBM software

The magnetometer was towed 100 m behind the vessel at a depth of less than 5 eathesea
surface. Magnetometediata from the towfishand GPS data froiBeapathwere inputto the control
PCvia separate serial ports and synchronised. Initial QC was performed viarearaphing of the
magnetic field trace antly monitoring reaitime GPS dataMagnetometer data were recorded i
database using BO&d output in proprietary BOBormat as ammsfile. The data were also output

in text format. Metadata is contained inable11.

Descriptor Metadata

Survey lines NA

Data Files 2

Date Created 14-05-2023 to 27-05-2023
Dataset Size 1.33GB

File Formats .mmsé&.csv

Tablel1: Magnetometer metadata.
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3.3.6 DGPSytems

GNav DGNSS provided the primary navigation. Thab000 is a dynamic DGNSS PrecisstP
Positioning(PPR system providing<0.1 metre horizontally and 0.2 metre vertically. It provides 66
channel tracking, including multionstellation support for GPS, GLONASS and Galildav @lso

provided a reliable GPS tide correction.

CNav has a range of QC outpdisplaysthat were monitored in reaktime including number of
satellites in use, satellite attitude and angles, vertical accuracy, vessel speed, heading and precise
position. GPS signal was always very gaodl the system never lost thReal TimeGypsy (RTG)
solution. Navigation data were recorded in *.cnav5000 format usifgae® software. One file per day

was created.

Seapath 38R provided the secondary navigatidior the MBES and primary navigation for the
magnetometer Seapath and @Glav data were monitoredcontinuously in Quality Integrated

Navigation System (QINSy) softwaneensuredata integrityand comparison between the primary
and secondary navigation systems remained within tolerand@GPS metadata information is

contained in Table 12.

Descriptor Metadata

Survey lines All

Data Files 16

Date Created 14-05-2023 to 27052023
Dataset Size 3.65GB

File Formats .cnav5000

Tablel2: CNAV metadata.

3.3.7 Online Navigation

QINSYy software was used for navigation acquisition@8d QINSy performs visual and QA de¢als

from the key acquisition systems. A project template database was created containing all survey
configuration parameters relevant to the project. The project template contains the datum,
projections, vessel stpe, administrative information, as well as vessel offsets and I/0O parameters. All
incoming and outgoing data is accurately stamped with a UTC time label. Survey line positioning data

were recorded in QINSy software in .db and .txt form@tNSyfile metadata is provided inable 13.

Descriptor Metadata
Survey lines All
Data Files 399

Date Created

14-05-2023 to 2705-2023

Dataset Size

2.16GB
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| File Formats | Various

Tablel3: QINSyhavigation metadata.

3.3.8 Sound Velocity

An AMLOceanographiéVP30-350was the primary instrument for acquignsound velocity profile
data and aValeport Mini Sound Velocity ProfilerSVR instrument was usedas backup Both
instruments are equipped with sound velocity sensors that diregtbasuresound velocity The dual
benefit of the MVP isininterrupted survey and greater frequencyazsts. Fresh sound profile were
input to the MBESas required A Valeport SVS sensor provided #iéqale sound velocity data at the
MBES transducers

MVP deployment was controlled from the vessel Dry Lab using Rolls Royce MVP software. The probe
was continuallyowed in the water at between 2 andretres depth ad deployed to a maximum of
c. 8 metresdepth during casts.Sound velocity profilem *.asvp formatwere sent to SISvhere they

were checked and extended for import into tMBES Metadata is contained inable 14.

Descriptor Metadata

Survey lines NA

Data Files 174

Date Created 14-05-2023 to 27-05-2023
Dataset Size 2.7MB

File Formats .asvp

Tablel4: Sound elocity metadata.

TC23_0Report Page?l



‘ } INFOMAR

4  Online QCPpata ProcessingResults andinterpretation

The hydrographisurvey wasperformedto IHOsurvey standard Rigorousstandard for position,

depth accuracyfeature searchfeature detectionand bathymetric coverage werachieved during

data acquisitiorand processinglHOOrder 1a and Order £2quirements are presented ireble 1.

Order 1a ($44)

Order2 (S44)

Description of Areas

Areas where underkeelearance is
considered not to be critical but
features of concern to shipping may
exist.

Areas generally where a genera
description of the sea floor is
considered adequate.

Max THU allowable (95%C)

Total Horizontal Uncertainty (THU)
5m+5% of depth

Total Horizontal Uncertainty (TH
20 m+10% of depth

Max TVU allowable (95%C)

Total Vertical Uncertainty (TVU) a =
metre b =0.013 © w0 Q

Total Vertical Uncertainty (TVU)
= 1.0 metre b = 0.023

Feature Search

100%

Recommendedbut not required

Feature Detection

Cubic Features > 2m (Depths < 40n
10% depth > 40m

Not specified

Bathymetric Coverage

<100%

5%

Tablel5: IHO standards for hydrographigrseys

4.1

MBES Online Quality Control

4.1.1 Acquisition Parameters
Most of the important acquisition parameters are set in the Runtmarule of SIS. Figute shows

the Runtimesettingsused Max angleand max coverag parameters werenaintained constant as

depth, sea stat, sound velocity conditnsand seafloor charactatifferences were within a low range

Pulse typavasset to FM Fequencywasset to 200 kHz, whicimaintained good signal to noise ratio

Coverage was set at 250 m per channel, providing a 500 m swath. Main lines were spaced at 420 m

which gave 80 m of overlap between adjacent lines.

Max coveragge sector node, detector mode,vessel speednd frequencywere adjustedto attain

maximum resolutiorfor wreck inspectionsWater Column data we acquired for alsurveylines
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Runtime Runtime

Very deep

Sector Coverage

- 5 Maximum starbosrd angfe (deg Transmit control
10
250

Both RXin use

Auto

Normal

High density

Depth Settings

Figurel2: Runtime parameters window in SIS.

4.1.2 Crosdine Versus MainLine Statistics

Crossline datawere acquiredfor QC of depth soundingsA total of four crosslines equating to
fourteen SIS filesyere acquired for statistical analysisCaris Hip$". Crosdine data were compared
with mainline data Allcrossline data indicated that the soundings exceedbeé 95%certainty
required for Order 1apecification.A sample ofe@sults from the statistical alyses are presented in

Table 16, where the 800 beams haleen divided into subsets 005

Statistics for Cross Line 219
Beam Number | Count Max (+) Min (-) Mean Std Dev | Order 1a (%) | Order 2 (%)
1-51 99,824 0.969 0.644 0.144 0.138 100 100
51-101 99,898 1.011 0.682 0.129 0.143 100 100
101-151 100,038 | 0.965 0.947 0.114 0.127 100 100
151-201 100,075 | 0.85 0.897 0.098 0.113 100 100
201-251 100,056 | 0.867 0.694 0.083 0.124 100 100
251-301 99,511 0.821 0.795 0.065 0.122 100 100
301-351 96,640 0.92 0.631 0.077 0.128 100 100
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351-401 97,835 0.908 0.671 0.068 0.13 100 100
401-451 97,851 0.852 0.755 0.082 0.126 100 100
451-501 96,268 0.999 0.623 0.076 0.133 100 100
501-551 99,261 0.737 0.622 0.068 0.119 100 100
551-601 99,671 0.825 0.625 0.075 0.123 100 100
601-651 99,717 0.749 0.866 0.072 0.144 100 100
651-701 99,611 0.852 0.554 0.078 0.144 100 100
701-751 99,663 0.959 0.774 0.096 0.157 100 100
751-800 97,521 1.014 0.673 0.105 0.162 100 100

Statistics for Cross Line 22

Beam Number | Count Max (+) Min () Mean Std Dev | Order 1a (%) | Order 2 (%)
1-51 245,156 1.141 0.872 0.163 0.165 100 100
51-101 245,329 1.657 1.421 0.159 0.167 100 100
101-151 245,952 1.685 1.565 0.141 0.163 100 100
151-201 246,507 1.512 1.159 0.142 0.142 100 100
201-251 246,982 | 1.21 0.866 0.147 0.137 100 100
251-301 246,781 | 0.966 0.927 0.146 0.136 100 100
301-351 242,923 | 1.795 0.862 0.161 0.152 100 100
351-401 243,375 1.553 0.745 0.147 0.145 100 100
401-451 245,871 1.293 0.839 0.166 0.146 100 100
451-501 240,172 1.725 0.689 0.166 0.153 100 100
501-551 245,680 | 1.306 0.84 0.13 0.152 100 100
551-601 246,039 | 1.41 0.891 0.129 0.148 100 100
601- 651 245,505 1.559 0.973 0.131 0.151 100 100
651-701 245,102 1.572 1.397 0.132 0.158 100 100
701-751 243,644 1.69 1.512 0.129 0.179 100 100
751-800 239,331 | 1.376 1.036 0.111 0.183 100 100

Statisticsfor Cross Line 22

BeamNumber Count Max (+) Min (-) Mean Std Dev | Order 1a (%) | Order 2 (%)
1-51 247,842 1.315 0.873 0.198 0.157 100 100
51-101 248,161 1.39 1.297 0.206 0.158 100 100
101-151 248,587 1.413 1.056 0.197 0.143 100 100
151-201 249,040 1.215 0.853 0.196 0.127 100 100
201-251 249,357 1.276 0.931 0.185 0.123 100 100
251-301 249,543 1.372 0.792 0.185 0.13 100 100
301-351 247,306 1.608 0.651 0.208 0.143 100 100
351-401 247,883 1.976 0.882 0.191 0.147 99.999 100
401- 451 249,031 | 1.501 0.677 0.207 0.137 100 100
451- 501 245,739 | 1.928 0.694 0.214 0.148 99.999 100
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501-551 248,579 | 1.981 0.803 0.173 0.142 100 100
551-601 248,529 | 1.729 0.807 0.175 0.135 100 100
601-651 248,210 | 1.401 0.946 0.182 0.127 100 100
651-701 248,631 | 1.389 1.027 0.181 0.134 100 100
701-751 247,826 | 1.642 1.268 0.171 0.154 100 100
751-800 243,147 | 1.485 0.774 0.163 0.158 100 100

Tablel6: CombinedMBESstatistics forcross linsfiles219, 224, and 25.

4.1.3 Feature Detection

Theminimum standard for feature detection for an Order 1a survey are cubic features > 2 metres in
depths up to 40 metres and cubic features >10% of depttobéyl0 metres. In 40 metres water
depth 9 soundings are required in a#bin and in 100 metres watadepth 9 soundings are required

in a 10m2bin. Feature detection criteria amgot specified irthe IHO standards for Order 2 surveys.

A data density traffic light plaind associated statistiegere producedor the area

Water depths range from 830 132m. The data were analysed for feature detection asswgma
minimum water depth of 8%n. The minimum sized cubic feats thatrequire detection are 8.5,
i.e. 10% ofhe 85 mminimumwater depth. A minimum of 9 soundiggs per 1Gn? bins are required in
order to attain the feature detection criteria. A bin sizeBd m? was selected to QC the data density
and the results areshown in kjure13. Green indicates where $bundings per bin were achievad.
almost everywhereandred wherethe 9 soundings weraot attained. Red areas argporadic and
limited to the outerfringes of coverage where adjacent détam other survey$ias not been included

in the data densitycalculations.
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Figurel3: Soundiig dendly traffic light plot

Number of sounthg per bin varied from 1 to 1375 with a mean of€findings.The mean number
of soundings per birasily exceeded the 9 soundings required per Biallstatistics are presenteth

Hgure 4.
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Compute Statistics
Input

Attribute layer: Density
Feature layer: N/A
Attribute value bin size: 1.000

Statistics
Minimum: 1.000
Mean: 93.434

Std_dev: 42.667

Area: NJA

450,000

Dataset: file:///D:/TC23_02/Multibeam/CARIS Hips/Surfaces/TC23_02_CUBE_Density

Maximum: 1375.000

Total count:

23,726,677

300,000 —

Count

150,000 —

T T
500 750

Image Export ASCII Export

Density

1,000 1,250 1,500

Help

Figurel4: Soundng density statistics

4.1.4 Error Budget and Uncertainty Model

Manufacturer values for positioning and sounding errors were factored intaovéisselerror budget.

Vessel offsets were established through an onshore dsiwemnl control survey(see section 3.1)In

addition; uncertainty levelsver positions of soundings wenmproved through good sound velocity

control while surveyingCalibration of the MB&througha standard patch testcombined with good

oninequal ity control,

Table 17 below details standardaelv i at i

e nr budgetefedl withinHOLaspedifieatione s s el ' s

on values applied Towm t he

PropagatedUncertainty (TPU) mdel. TPU is an estimate of the uncertainty of any individual

sounding, taking into account the uncertainty estimates of the component measurements (tide, sound

speed, draft, range measurement, angle measurement, attitude, offsets etc). TPU is expressed as a

separate value in horizontal and vertical planes. The uncertainty of each sensor was entered in the

HIPS Vessel File (HVF) and the TPU calculated.
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Heading Accuracy 0.0z

Heave 5 cm or 5 % Amplitude
Roll 0.0

Pitch 0.0

Pitch Stabilised 0.0

Position Navigation 0.1m

Timing Transducer 0.00s

Timing Navigation 0.00s

Timing Gyro 0.00s

Timing Heave / Pitch / Roll 0.00/0.00/0.00s
Sound Velocity Measured 0.1 m/s

Sound Velocity Surface 0.1 m/s

Offsets X /Y /Z X=0.01/Y=0.012=0.01
MRU Aligment Gyro=0.1/ Pitch=0.1/ Roll=0.1
Vessel Speed 0.1

Vessel Loading 0.00

Vessel Draft 0.00(Use of GPS tides)
Delta Draft 0.00

Tablel7: Standard dviation values used inPUcalculation

4.1.5 Sound VelocityControl

MBESJata processors continuously monitored the effect of sound siglorariations on the acquired
MBESdata andadvised orthe frequency and geographical distribution of MVP cdsised on this
analysis Sound velocity variationsere alsomonitored by QCof the SISCrosslrackwindow. Figure
15 shows the MVP profiles for day 11, 24/05/023\l profiles show well mixed near $ace waters

anda thermoclineat between c. 10 and c. 40 nkigure Bis an aggregatdVPplot for the survey.
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Day #11: 2023-05-24 (profiles: 14)
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Figurel5: MVP composite pldior 24/05/2023.
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Figurel6: MVP conposite plot for survey
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Sound velocity ranges from1491m/s to ~1504m/s.

4.2  Post Processing bthods

4.2.1 Navigation
Navigationdata werelogged in standard-Slavformat. Realtime positioning data quality from-Nav

was of sufficient quality to exceed IHO Order 1a standard requireméredical errors on the GPS

heights werdow (+/- 20 cm) and providga robustsolution for computation of GPS tide.

Navigation data and in particular GPS heigh&se de-spiked and smootheth Caris HIRSGPS tide
was computedising the separation model betwednternational Terrestrial Reference FraméRF)
datum and VORF LAT

4.2.2 DepthSoundings Data Processing
Soundings were edited in Caris H#®8ware against @ existing chart backgroundCombinations of

automated and manual processing procedures were applied by experienced data precessor
remove systematic errors and obvious outlierdJncertainty results were examined to ensure
soundingdell within IHO specifications for Order dad Order Zurveys.Processed and cleaned data
were subjectto final validation by an experienced andaiified hydrographer. The following is a
simplifiedlist of steps undertaken during sounding data processing
1. Navigation datavere checked and spikes removed.
2. GPS tides were computed using the UKHO's VO
soundings to AT. GPS tideasults were then checked for quality and consistency.
3. TPU values were calculated.
4. SVP data were applied to correct for refraction errors caused by water column heterogeneity.
A range of SV algorithms were used to determine the most suitable method of applying SV
corrections, for example: nearest in distance versus nearest in time.
5. Subset Editing was performed in CARIS to cl ez:
delta draft and refraction corrections where applied in order to correct residual issues.
6. A CARIS Combined Uncertainty and Bathymetry BEsti@UBE) base surface wasated to
allow CUBE automatic filtering.
7. Final verification of sounding consistency and absence of spikedomasising subset editing.

8. Final adjustments for residual tidal or refraction issues were addressed manually.
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9. Bathymetry data were then exported as gridded data at multiple spatialludeas (*.asc,
*xyz, *.bag, *.Geotiff) and as survey line pointclouds. Ancillary exports included trackline

shapefile and XL QC reports.

4.2.3 Backscatter Mosaic Generation
Backscatter is a function of the hardness and roughness of the seafRmmMBESdata was put

through the Geocoder engine in QPS Flederrta(EMGT)Yo produce backscatter mosaies 2 and

5 m resolutions.

4.3 SurveyResults andData Interpretation
A preliminary interpretation of MBES data was used to assess bathymetry, deaheé and seabed

features. SBP data was used to assess the shallow geology.

4.3.1 MBES9mages
MBES bathymetry grids and shaded relief geatiigesat both 5 and 10 m respectivelyere created

in TeledyneCarisHIPS& SIP8" software Backscattermosais were createdat 2 and 5 min QPS
FMGT™. Geotiffs, mosaicsand gridswere imported into AcGISV and images Rigures17 to 19

output for this report.
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Figurel7: MBESyathymetry.
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Figurel8: MBEShadedrelief.
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Figurel9: MBES backscatter mosaic
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4.3.2 Shallow Geology Analysis
ChirpSBRdata qualityand penetrationvarieddue toenvironmental factors relating to sea state and

sub-bottom conditions Survey spee®-9 knots) wa dictated by theability of the MBES0 meet its
data density and data qualityequiremens. Thisis usuallyfaster thanthe optimal maximum speed
of 4 knots fohigh qualitySBRlata acquisition Sea statevariedsignificantly during the surveyverall

SBP data quality was gaod

KnudsenSounderSuite” software recoreéd sub-bottom data in proprietary Knudserkea andkeb
formatsandsgy format Data were imported into SonarWi%software where image files were output
for this report. Cross line wfiles 221 and 229 are selected for discussiohere. Their geographical

locations @& shownin Figure20.

11°0'0"W 10°54'0"W 10°48'0"W 10°42'0"W 10°36'0"W 10°30'0"W 10°24'0"W 10°18'0"W 10°12'0"W 10°6'0"W 10°0'0"W
1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 1 TR 1 1 1 1 1 1 1 1 1 I 1 1

i Extents of Profiles 224 and 229 I coesgom

[F52°56'0"N

[F52°54'0"N

[F52°52'0"N

-52°50'0"N

-52°48'0"N

-52°46'0"N

-52°44'0"N

[F52°42'0"N

[F52°40'0"N

[F52°38'0"N

[F52°36'0"N

52°34'0"N

-52°32'0"N
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Figure20: Extents of Profile@24 and 22%verlain onshaded relief
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Interpreted SBAMagesof profiles 22 and 24 are shown in i§ures 2L and 22 respectively. Heave
compensation ispplied to the images Haizontal scale lines are a0 m intervals Note that the

vertical scale aregreatly exaggerated.

Profile 229 in Agure 2L is 12.2 km in length. The profile was acquired from soutto north. Data
quality isgood. Signal penetration variedue to the hard substrateProfile 29 was acquired in the
south where bedrock outcrois widespreadBedrock is the oldest unit and it outcrops in the southern
and central parts of the profile. Bedrock outcrops in the central part rise up to c. 15 m above the
surrounding seabedReflector R2 denotes the top of bedrock. This unconforsutyace is evident

in the northern 4 km of the profile. It varies in depth from the seabed to c. 10 m beneath the seabed
at the very north.R2is overlain by sedimentary unit containing sporadic internal reflectors. This unit
is wedge shaped and pinchest towards the south. It has a maximum thickness of ¢. 8 m. The top of
this sedimentary unit is denoted by RR1 is a sedimentary unit of opaque acoustic appearance. Itis
less than 3 m thick and is believed to comprise sand, based on its acoustictehand surface

morphology as seen on MBES data.

Profie 224 in Agure22is 200 kmin length The profilewas acquired frormorth to southin the west

of the areaas a QC cross lineData quality is good.Signal penetration ipoor due to the hard
substrate. Bedrock is the oldest unit. The top of bedrock, denoted by the unconformity surface R2, is
evident sporadically in central and southern part. R2 is undulating in character. Bedrock is
unconformably overlain by a hard sedimentary unit which in placep i®w. 12 m in thickness.
Reflector R1 denotes the top of this unit. R1 is observed sporadically across the entire profile. A sand
unit overlies R1. This unit has a maximum thickness of 2 m and forms lenses and sediment waves of

opague acoustic charast.
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Figure21: SBP interpretednage, line 29.
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Figure22: SBP interprete@mage, line 224
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4.3.3 SBPData Examples

Figure23 is an image taken at location 53°42.9521R° 35.611 W and shows possible gas escape.
The seabed mostly comprisasandy unit with thickness of up to 3 m. Two small areas of coarse
sedimentsassociated with small depressions c. 2 m deegfound at the seabed. The water column
above one of these depressions shows an acoustic response which could indicate gas escaping from

the seabed beneath.

T STTTE P USTS UV ey =07 U TOU =202 S T Ty ToU TS T —CTTP -0 T TSy U 20U KMz T T =
View Settings Window Help
= = &2 o o Help . Color (7] |Event it 5
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,,,,,,,, 05.0m. Xoom pso.
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Time Stamp: 16:31:00.3830
........ | Working Uns: ator B oo IO s NI ospnennenns insiens et e LI oo nepnennssnn it s et VB ool shasadancn
Sound Speed: 1495 mis
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Fix Number: 00000 mympy

Heave: 008
Lattude: 5242.95174 N [
010 3561069 W ||

0.00m|}

Longitude:
Fish Depth

ol ] 1300,

Figure23: SBRexample ofpossiblegas escape.

Figure 24 is an example of extensive bedrock outcrop. Saroeops in the image rise 10 m above

the surrounding seabed.

TOOmT TOUTm TOUI TOUOnT

105.0m 105.0m 105.0m

135.0m 135.0m

138.0m

140.0m

140.0m

Figure24: SBRexample of bedrock outcrop.

140.0m

Figure 25hows an examplefgas charged sediments. High acoustic impedance between the gas and
surrounding sediments creates the high returns within the sediments. The gas charged sediments are

up to 20 m thick.
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Figure25: SBRexample of unconsolidated gas charged sediments.

Figure 26s data from grofile that traverses a mound. This mound is also observed on MBES data.
It is c. 5 m in heighand c. 330 m in length s genesids possibly related to methane derived
authigenic carbonatéMDAC) The mound is located at 52° 43.777190° 56.650W.

Figure26: SBRexample ofamound.

43.4 Bathymetry
Figure27 is acolour codedIBESathymetry image.Water depth varies fron84.9to 1317 m with

depths generally increasing from east to wedBedrock outcrops extensively in the southeast.
Moderate to steeply sloping substrate are found locally where the bedrock outcrops, elsewhere

gradients are gentle.
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Figure27: MBESyathymetryoverview

4.3.5 Seabed Texture
MBEShackscatter is thatrengthof acoustic energyeceived by the sonar after a complex interaction

with the seafloor. By analysinghe amplitude of the returning sound wavgsis possible to extract
information about bottom structure and hardness, allowing for idécaition of bottom types. Seabed
reflectivity properties depend on the hardness and roughness of the seafloor surface. In simple terms
a strong return signahdicates a har@nd/or roughsurface and a weak return signal indicates a soft

and/or smoothsurface.

Backscatter values referencétthis report are relative intensities and not absolufEhe convention
usedin this reportis that dark coloured areas represent relatively higher backscatter intensity than

light coloured areasBackscdaer intensity values vary from8to - 68db.
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The backscatter mosaigridded at 2 m is shown in Figuré.2 Threebroad backscatter intensity
categories arédentified. High backscatteaireas are found in the east and souffhey are associated

with bedrock outcrop and probable moraines.

Low backscatter areas form large areas in the central and NE. Groundtiatiindecates that low
backscatter correlates with sandy sediments with minor gravel and/or mud fractidixed
backscatter areaare associated withareas of substrate that comprise bedrock, sand and gravel and

are located in the south and west mostly

11“0;0"W 10“5(|)'0"W 10"4?'0'W 10“3(|)'0'W 10’2?'0"W 10“1?‘0"W

F53°0'0"N

Backscatter Types
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52°40'0"N
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. High : -8

Low : -68

I T N N N SO N B | : [F52°3010"N

Figure28: Backscatterintensity distribution.

The eastern part of the area has a number of features interpreted to be glacial moraines. These are
arcuate in morphology. Figure 29 shows what is thought to be a moraine. Backscatter intensities vary

considerably along the feature.
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Figure29: Backscatterdata showing possible moraine

Figure 30 shows backscatter data from a small area in the centre of the survey. Bedrock is the
dominant seabed in the south of the image and sandy sediment is dominant in the ri€athits in

the bedrock, infilled with sand are highlighted in the west of the image. There is a clear contrast in the
high backscatter values associated with the bedrock and the low values associated with the infilled
faults. The northern part of the imagis characterised by homogeneous backscatter intensities

associated with sandy sediment.
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Figure30: Features on backscatter data

4.3.6 Seabed Features
Description of seabed featurese based on analysis dfathymetric, shaded relief andackscatter

data. It is possible to make valid inferences on seabed character and compdsitmorrelating these
datasets Shaded eliefdata areusedto illustrate the features discussed thissection Shaded relief
imagery is produced ifieledyne Caris HIPS & S¥&8ftwareby shining an imaginary s 35° angle
over thedepth colour codedBEShathymetry dataset.Data illusrated below are gridded at 5 m,
with sun illumination from the Band a vertical exaggeration of #igure31is aMBEShaded relief

imageillustratinga moraine in the northeast of the mapped area
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Figure31: MBESshaded reliefmageof moraine
An area of bedrock outcrop is shownRimure 32. The bedrock is characterised Bbcky patches witlextensive

faulting and fracturesOutcrops are up to 20 m above the surrounding seabed.
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Figure32: MBES shaded relidlustrating deformed bedrock outcrop.

Figure 33 shows bedrock outcrop which is located NE of the area in Figure 32. This bedrock outcrop
is different in charter to that shown in Figure 32, forming smooth plateaus. These plateaus are c. 8 m

above surrounding seabed. Faults and fractures are also evident in this type of bedrock.
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Figure33: MBES shaded relief of smooth bedrock plateau

Figure 34 isan outcrop of blocky bedrock from the centre of the sureega. Several of the most

prominent faults have been digitised. Most faults are orientated along-8WEaxis.

TC23_0Report Page46



ﬂ INFOMAR

10°35'0"W 10°34'0"W 10°32'0"W 10°31'0"W 10°30'0"W

Deformed Bedrock

3 Kilometers
| l ] ] | ] ] ] |

52°38'0"N

Figure34: MBES shaded relief of digitised faults in blocky bedrock.

Figure 35s a bathymetry image of the mound shown the SBP data in Figure 26. The data islegid

at 50 cm. The mound is c. 2rbin amplitude 40 m in length, 17 m in widtnd is surrounded on all
sides by scoured substrate. Several depressions are observed a short distance from the tsund.
long axis is orientated nortlsouth. The structure and presence of associated depressions is similar
to mounds discovered in the Celtic Sea during TC23Th#.location52° 43.777 N10° 56.648 Ws

associated with a localised area of high backscafThese are believed to be MDAC sites.
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Figure35: MBE®athymetrydata of mound.

4.4 GroundTruthing
A total of severgroundtruthing stations were visitedvith samples acquired at five of thesgamples

were photographed and all relevant metadata and sample description input to the INFOMAR sampling
log. Samples will be sent for particle size analysis, the results of which will be used in the creation of

substrate mapsTable B contains the grab station metadata.

Station Latitude Longitude Type

TC3_0071) 52°43.77251N -010° 56.64437W No Recovery
TC23_008L) 52°43.77600N -010° 56.73420W No Recovery
TC23_004) 52°33.62813N -010° 56.27039W Fine and Medium Sand
TC23_01Q) 52°36.41948N -010° 38.70066W Muddy Sand

TC23 01@) 52°40.17476N -010° 38.42448W Muddy Sand
TC23_01¢1) 52°42.91401N -010° 35.49477W Muddy Sandy Gravel
TC23_013(1) 52°42.95495N -010° 35.56067W Muddy Sandy Gravel

Tablel8: Grab station information.

Figure & shows the location of the grab stations overlain on backscatter data.
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Figure36: Grab stations plotted on backscatter data.

4.5 Wrecks
One wreck was locatednd mapped in detail A H525 formwas completedand sent tothe UKHO

Admiralty charts will be updated in due cours&able 19provides the wreck location and basic

information.
Number Latitude Longitude Length Date
1 52°45676N -010° 44.468W 31L.7m 27/05/2023

Tablel9: Wreck investigation metadata.

TC23_0Report Page49



' INFOMAR

Table20 shows an image of the mapped wreck

Wreck 1

Table20: Mappedwreck
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