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Executive Summary 

Green Rebel Ltd was contracted by SSE όǊŜŦŜǊǊŜŘ ǘƻ ƘŜǊŜƛƴ ŀǎ ΨǘƘŜ ŎƭƛŜƴǘΩύ to complete a 

reconnaissance grade geophysical and hydrographic investigation of a new Irish offshore windfarm, 

Arklow Bank Wind Park (ABWP) situated approximately 10 km East of Arklow Town, Co. Wicklow. The 

investigation consisted of the acquisition, processing and interpretation of Sub-bottom profiler, 

multibeam bathymetry and backscatter, side-scan sonar and magnetometer data. The purpose of the 

investigation is to underpin and support the development of the windfarm through: 

¶ The identification and mapping of potential geohazards; 

¶ The facilitation of the development of a ground model; 

¶ The provision ƻŦ Řŀǘŀ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ǎǳǇǇƻǊǘ ƻŦ 9L!wΩǎΤ 

¶ The provision of data in support of provisional turbine placement planning and; 

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

To this end, Green Rebel commenced geophysical and hydrographic survey operations on the 27th 

August 2022 for the Lady Kathleen (28th August 2022 for the Roman Rebel). The initial survey 

operations were completed before demobilisation of the Roman Rebel (26th September 2022) and the 

Lady Kathleen (4th November 2022). Data were processed, analysed, and interpreted; the results are 

presented herein.  

This report presents background information that includes a summary of the ABWP project objectives 

and variations from the scope of work. Following this, the acquisition and subsequent processing steps 

for each type of geophysical data (multibeam, side-scan sonar, magnetometer and sub-bottom 

profiler) are described. The classifications used for analyses are described. Finally, the results of the 

data analyses are documented; these are organised by the type of data.  
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1 Introduction 

Green Rebel acquired data for the Arklow Bank Wind Park project (Figure 1) between August and 

November 2022. These data consisted of a Geophysical survey and a Hydrographic survey. The 

Geophysical survey (Figure 1) consisted of Sub-bottom Profiler, UHRS, Side-scan Sonar and 

Magnetometer. The Hydrographic survey consisted of multibeam bathymetry and backscatter. These 

survey legs were carried out between the 27th of August and 4th of November 2022. Data were 

acquired on the MV Roman Rebel, a 27.5 m, semi-SWATH (Small Waterplane Area Twin Hull), DP1 

vessel, and the MV Lady Kathleen, a 14 m Catamaran, both purpose built for hydrographic and 

geophysical data acquisition. The survey mobilised and departed from Crosshaven Harbour (Co. Cork) 

on the 27th of August. Survey demobilisation took place between the 5th and the 11th of November 

2022 at Crosshaven harbour.  

During the Geophysical survey, a total length of c.1148 km was surveyed during the Hydrographic 

survey. The survey area is c.90 km2 (Figure 1). Approximately 5.63 TB of raw 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. Figure 1 shows overlap between carried out by Ultrabeam Ltd. and Green Rebel (roughly 

8%). Where possible, comparisons will be made between both data sets. 
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Figure 1: The Arklow Bank Wind Park geophysical survey area (MBES, MBES BS, SSS, Magnetometer, SBP). Grey 
hashed area displays coverage from the previous Ultrabeam geophysical survey in 2019 with the overlap to the 
Green ABWP 2022 survey highlighted. Each Lot from the survey is annotated for reference to data examined in 
this report. 
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1.1 Survey Objectives and Scope of Work  

¢ƘŜ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǘƘŜ ǎǳǊǾŜȅ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ άtǳǊǇƻǎŜ ƻŦ LƴǾŜǎǘƛƎŀǘƛƻƴέ ƛƴ ǘƘŜ {ŎƻǇŜ ƻŦ ²ƻǊƪ 

(SoW). The desired outcomes of the project as stated in the SoW include: 

¶ 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 information to inform Cable Burial Risk Assessment (CBRA). 

To achieve these outcomes, the data deliverables outlined in Table 1 were stipulated by the technical 

specifications.  
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Table 1: List of main data deliverables (Additional deliverables specified in the data matrix) 

Type Description Resolution 

(m) 

File 

Position Tracklines for each sensor NA *.shp 

Multibeam Bathymetry LAT-corrected, post-processed, IHO 1a 

bathymetric grid 

0.3 *.tif, 

*.xyz 

Multibeam backscatter Multibeam backscatter grid 0.3 *.tif, 

*.xyz 

Side-scan sonar data Single line data corrected for navigation 

(including heading) with no additional 

processing applied 

NA *.xtf 

Side-scan sonar mosaic Processed side-scan sonar grid 0.2 *.tif  

Magnetometer Processed magnetometer grid (total field) 0.5 *.tif , 

*.grd 

Magnetometer Processed magnetometer grid (residual 

field) 

0.5 *.grd 

Magnetometer Processed magnetometer grid (depth) 1.0 *.grd 

Magnetometer Processed magnetometer grid (altitude) 1.0 *.grd 

Sub-bottom profiler data Raw sub-bottom profiler data NA * .raw, 

* .ses3 

Sub-bottom profiler data Processed sub-bottom profiler data in 

time  

NA * .sgy 

Side-scan sonar target list Target list of selected contacts from side-

scan sonar data to include Target ID, X, Y, 

Contact Type 

NA *.xlsx 

Mobilisation Report Presented to CSR within 48 hrs of mob 

completion.  

NA *.doc, 

*.pdf 

Survey Operations Report  Completed within 1 week of survey 

completion.  

NA *.doc, 

*.pdf 

Data Acquisition, Processing 

and Interpretation Report 

To include full details of processing and 

interpretation results.  

NA *.doc, 

*.pdf 

Chart Bathymetry with contours NA *.pdf 

Chart Seabed features and contacts NA *.pdf 

Chart Isopach map NA *.pdf 

Chart Cross profile through the data with 

horizons and bathymetry 

NA *.pdf 

Chart Multibeam backscatter NA *.pdf 
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1.2 Variations from the SoW  

Table 2: Summary of variations from the SoW 

Reference 

Number 

Description Cause 

ABWP-Var-002  Operations with SSS, SBP and, Magnetometer instruments 

to align only with the initial UHRS survey (500m line 

spacing). This variation reduced the data acquired.  

ABWP request.  

ABWP-Var-004 ALARP ς Additional data processing and interpretation of 

potential geohazards including: producing high resolution 

bathymetric grids, side-scan sonar grids and 

magnetometry at a higher resolution than previously 

outlined in initial scope of works.  

ABWP request for 

derisking 

upcoming 

geotechnical 

operations.  

ABWP-Var-006 SBP horizon interpretation ς Additional processing and 

interpretation including: picking horizons, creating 

isopach maps and elevation grids previously not outlined 

in initial scope of works.  

ABWP request.  

 

 

 

1.3 Reference documents  

Table 3: Summary of referenced documents 

File name Title  Author  

Part 2.1 Geophysical Survey - Scope of Work - ABWP 

rev02 

Scope of works ABWP 

Part 2.2 Geophysical Investigation ς Technical 

Specification rev02 

Technical 

specifications  

ABWP 

220315_Project_Execution_Plan_SSE_ABWP_Rev0.1 Project execution 

plan 

GR 

Mobilisation_and_Calibration_Plan_001  Mobilisation and 

Calibration Plan 

GR 

GRM_22G03_RR_ABWP_MOB-Report_003 Mobilisation Report  GR 

220626 EN_Operations Report Operations Report  GR 
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1.4 Summary of Findings 

Table 4: Summary of findings, including metadata, quality, results, interpretations, and potential hazards.  

Acquisition  

Survey Dates  28th of August to 4th of November 2022 

Geophysical 

systems used  

Multibeam echo sounder (MBES), multibeam backscatter (MBES BS), side-scan 

sonar (SSS), magnetometer (MAG), sub-bottom profiler (SBP) 

Bathymetry 

Water depths range from -1.99 m to -48.13 m. The site is characterised by a relatively flat 

bathymetric surface with isolated glacial and anthropogenic features such as eskers and shipwrecks. 

Localised gradients exceeding 86° were observed in areas of seafloor bedforms and sites where 

debris is potentially present. Backscatter values were simultaneously recorded during bathymetric 

acquisition and gridded to a resolution of 0.3 m allowing for a non-invasive sediment classification. 

Seafloor Morphology 

Several morphological features were observed in the site, including: a large presence of sand 

sandwaves, occasional megaripples and isolated incidents of glacial scars.  

Substrate Type 

The 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. Noteworthy estimates about 

geological substrates present in the area, cannot be deemed reliable without a geotechnical 

investigation and dedicated sediment sampling campaign. 

Seafloor Sediments 

The ABWP survey area shows predominant facies of medium to coarse ς gravelly sands, where it 

can be assumed higher current velocities are present. In the south-central ABWP survey area, there 

is a low incidence of sandwaves or megaripples, suggesting a lower current velocity supported the 

presence of finer-grained facies-type clays to sandy clay. Noteworthy estimates about seafloor 

sediments present in the area cannot be deemed reliable without a geotechnical investigation and 

dedicated sediment sampling campaign. 

Seabed Targets and Potential Site-Specific Hazards 

Wrecks 
10  

Debris 56 

Boulders 

and course 

material 

6465 boulders 

Other 

targets 

122 sonar contacts (unidentifiable), 2 pipeline, 3 linear contacts 

Mobile 

Seafloor 

sediments 

Sandwaves with heights Җ 1 m and wavelengths Җ 10 m cover 7.44% of the site, 

whereas megaripples with heights Җ 10 m and wavelengths Җ 200m 0.4% of the site, 

respectively. Of the sandwaves and megaripples recorded, most trend NW-SE. The 
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sandwaves are often superimposed on the megaripples. Obstacle-induced, local 

seabed scour is observed around shipwrecks and boulders.  

Geological Features 

Boulders, cobbles 

and gravel 

Glaciomarine sediments were prominent throughout the site. A high 

concentration of boulders and boulder fields were present throughout. 

Potential Hazards  

Steep 

gradients  

Areas of localised steep slopes are present. Slopes up to 35° were identified on 

bedforms (megaripples), and steeper gradients were found to be associated with 

anthropogenic targets (i.e. shipwrecks).  

Mobile 

sediments  

Sandwaves and mega-ripples are common in the site and suggest an active 

hydrodynamic regime.  

Shipwrecks  10 shipwrecks were identified in the datasets 

Magnetic 

anomalies 

975 Monopoles, 34 Dipoles and 135 Complex 
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2 Data Acquisition and Processing 

The site was surveyed using the MV Roman Rebel and Lady Kathleen (Appendix 3). Mobilsation, 

calibrations, trials and verifications of both vessels took place in Cork Harbour (Co. Cork) and were 

completed at the survey site (Arklow Bank, Co. Wicklow). Surveying commenced on 28/08/2022 and 

lasted a period of 69 days, concluding on the 04/11/2022. The mobilisation is documented in the 

Mobilisation Report and survey activities are documented in the Operations Report (Table 3).  

2.1 Surface and sub-surface positioning 

2.1.1 Surface Positioning 

2.1.1.1 Roman Rebel 

All survey positioning and navigation data were recorded via a primary and independent secondary 

GNSS antenna for redundancy and QC. The primary antenna used was an Oceaneering C-Nav 3050 

receiver which used Precise Point Positioning (PPP) via C-NavC2 corrections to achieve 5 cm horizontal 

and 20 cm vertical accuracy. PPP is a global precise positioning service using the available GNSS 

system. A PPP solution depends on GNSS satellite clock and orbit corrections, generated from a 

network of global reference stations. Once the corrections are calculated, they are delivered to the 

end user via satellite or over the Internet. These corrections are used by the receiver, resulting in 

decimetre-level or better positioning with no base station required. C-Nav data are logged and 

monitored continuously in QINSy as well as the C-Nav RINEX which provides a live display of height 

error. C-Nav logs files in a *.cnav 3050 format which can be subsequently interrogated by C-Proc, a 

software made to extract C-Nav QC statistics. 

2.1.1.2 Lady Kathleen 

All survey positioning and navigation data were recorded via a primary GNSS antenna. Two antennas 

used were a Trimble AT1675-540TS receiver which used VRS Now via Trimble corrections to achieve 

2 cm accuracy. VRS is a provides real-time differential corrections to a GNSS system. A VRS solution 

depends on data from several permanent reference stations to compute corrections that are generally 

more accurate than corrections from a single reference station. Once the corrections are calculated, 

they are delivered to the end user via satellite or over the Internet. VRS data are logged and monitored 

continuously in QINSy. 

2.1.2 Sub-surface positioning 

2.1.2.1 Roman Rebel 

Towed sensors were positioned via Kongsberg uPAP USBL with an accuracy of ± 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 USBL systems and easily influenced by environmental factors (cf. Li et al., 2018). 

This is typical and can be rectified in post-processing to ensure that geographic accuracy of 2 m can 

be attained in accordance with project specifications. 
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Sub-surface position navigation data were parsed online with the associated survey files (*.jsf and 

*.txt ). These navigation data were processed as initial processing steps for each specific workflow 

separately (details in sections 2.6.2). 

2.1.2.2 Lady Kathleen 

Towed sensors were positioned via a iXblue GAPS M5 GAPS MMI with an accuracy of ± 0.2 ς 0.5% of 

the slant range. Overall, the USBL tracked the positions of towed bodies well. Like the Roman Rebel, 

deviations occurred which is common especially in shallower banked or shoreline areas where the 

Lady Kathleen would have surveyed. Again, this is typical and can be rectified in post-processing to 

ensure that geographic accuracy of 2 m can be attained in accordance with project specifications. 

2.1.3 Tidal Reduction Methodology 

Vertical correction were applied to the data in real-time via Quality Integrated Navigation System 

(QINSy) using the PPP system on the Roman Rebel and the VRS system on the Lady Kathleen. All data 

were then reduced specifically to Lowest Astronomical Tide (LAT). To do this, the UCL and UKHO 

product, Vertical Offshore Reference Frames system (VORF) was used. The VORF project allows to 

seamlessly transform vertical height information 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 using two hull-mounted Reason SeaBat T50-

R multibeam echosounders (MBES). Each MBES transceiver produces 1,024 beams per ping and can 

operate from 190 to 420 kHz. During the SSE ABWP survey operations the MBES was operated typically 

at a frequency of 400 kHz. Opening beam angles were set to 60ς65 degrees. The sonar heads were 

integrated with a real-time sound velocity sensor, an iXBlue HYDRINS inertial navigation system and 

two independent GNSS antennas (C-Nav and Hemisphere). 

Data were acquired in a boustrophedonic, gridded survey design, roughly parallel to depth contours. 

Survey speed was approximately 4.5 knots. Sound Velocity Profiles 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/s). A Valeport Swift sound velocity profiler was 

used for SVP casts and a total of 74 profiles were recorded during acquisition. Data acquisition was 

managed in QINSy which 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 Kathleen 

Bathymetric and acoustic backscatter data were acquired using a single hull-mounted Reason SeaBat 

T50-R multibeam echosounder (MBES). The MBES transceiver produces 1,024 beams per ping and can 

operate from 190 to 420 kHz. During the SSE ABWP survey operations the MBES was operated typically 

at a frequency of 400 kHz. Opening beam angles were set to 60ς65 degrees (or adapted for shallow 

depths). The sonar head was integrated with a real-time sound velocity sensor, a Teledyne Type-30 

IMU and integrated Applanix INS (inertial navigation system) and two independent GNSS antennas 

(Trimble AT1675-540TS). 

Data were acquired in a boustrophedonic, gridded survey design, roughly parallel to depth contours. 

Survey speed was approximately 4.5 knots. Sound Velocity Profiles 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/s). A Valeport Swift sound velocity profiler was 

used for SVP casts and a total of 101 profiles were recorded during acquisition. Data acquisition was 

managed in QINSy which 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. 

2.2.2 Processing workflow 

Multibeam bathymetric data show water depth and seabed morphology. These data are interpreted 

to accurately measure water depth, seafloor features and seabed structure. Raw multibeam 

echosounder data were 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 processing were required to 

merge these data, remove or correct anomalous data, create a bathymetric surface corrected to a 
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defined vertical reference system, confirm that the data conforms with IHO standards and export the 

data in a transparent and GIS-friendly format. The general processing workflow is outlined in the 

Project Execution Plan (Table 3).  

The *.db files were imported to QPS Qimera which converts the data to a proprietary (*.qpd) file 

format. From the *.db files, sound velocity, vessel and offset values are automatically read into the 

project. The processing parameters were defined to ensure that the sound velocity strategy is in 

accordance with the surveyed strategy, that 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 surface was then created 

using these processing parameters. Vessel configuration was checked for any clear deviations from 

those set during acquisition. Nearest in time sound velocity profile casts are selected in Qimera to 

reduce the possibility of interference or data spikes. Surface and profile sound velocity data were then 

inspected for anomalous data values and spikes which are subsequently removed. Although vertical 

errors within the GPS heights were low (± 15 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 of high-sounding standard 

deviation.  

Large data spikes from sonar interference (sound sources with similar frequency values), poor weather 

or other, were manually removed using the 3D editor mode. Small areas of excessive weather noise 

were also observed, and a medium spline filter was applied to reduce the noise, before further manual 

cleaning. The results of filtering were carefully examined by qualified data processors. This strategy 

allows for a reconnaissance of the data while offering the ability to remove the majority of the 

erroneous data. Subsequently, the data were cleaned using the more precise swath and slice editor 

modes. This allowed for thorough and differential cleaning options depending on the morphology of 

the seabed and intensity of noise. In areas with upstanding, anthropogenic seabed features (wrecks, 

pipelines, infrastructure), data were examined and cleaned with utmost caution. 

If high standard deviation values remained in the outer beams or line overlap, then the data were 

interrogated further. If this error was related to sound velocity, a series of checks were performed: i) 

re-inspection the surface and profile sound speed data and smoothing/despiking if required; ii) 

application of a refraction edit (± 1 ms-1 ŀǘ м Ƴ ǿŀǘŜǊ ŘŜǇǘƘύ ŀƴŘκƻǊΤ ƛƛƛύ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ vt{Ωǎ ¢¦ {ƻǳƴŘ 

{ǇŜŜŘ LƴǾŜǊǎƛƻƴ ŀƭƎƻǊƛǘƘƳ ǿƘƛŎƘ ǳǘƛƭƛǎŜǎ ƴŜƛƎƘōƻǳǊƛƴƎ ǎƻǳƴŘƛƴƎǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ΨōŜǎǘ-ŦƛǘΩ ǎƻǳƴŘ 

speed refraction solution that minimises sounding mismatch in areas where there is sufficient overlap. 

All data were corrected to LAT using the VORF separation model. Total Horizontal Uncertainty (THU) 

and Total Vertical Uncertainty (TVU) were computed for each sounding within the dataset. These were 

used for quality control purposes to ensure that the data is within client-specified limits. A further 

surface was created to ensure adequate sounding density. Finally, cross lines, which are independent 

of the surface grid were ŎǊƻǎǎ ŎƘŜŎƪŜŘ ǿƛǘƘ ǘƘŜ ƎǊƛŘΦ ¢Ƙƛǎ ŎƘŜŎƪΣ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ vƛƳŜǊŀΩǎ ŎǊƻǎǎ ŎƘŜŎƪ 

tool, generated a table of statistics that provide the results of 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 

data were exported. Initially, *.gsf as well as *.asc, *.tif and *.xyz files were exported comprising the 
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backscatter and bathymetric surface data, respectively. The LAT-reduced, cleaned bathymetric data 

was then inspected in ArcMap v.10.8.1. A simple, focal neighbourhood average interpolation was 

applied to the 0.3 m gridded tiffs, interpolating data only in the places where minor pixel-sized data 

gaps were observed. Areas where larger gaps were present due to fishing gear obstacles were not 

interpolated.  

 

Figure 2: General multibeam 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 to sounding density. 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 QPS QINSy to note considerable sounding density changes and the 

swath was subsequently adjusted based on the discretion of the senior surveyor. Given that water 
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depth throughout the ABWP survey only ranges from -1.99 m to -56.52 m, swath width remained 

relatively constant. Recorded swath width ranged significantly due to depths and was approximately 

18 m on the bank and up to 70 m in deeper areas. Figure 3 demonstrates swath width and water depth 

in cross track data.  

 

Figure 3: PLot showing typical raw cross track sounding profile from the Roman Rebel on several both port and 
starboard side multibeam echosounder pings merged (Note: overlap of swaths in centre) during the ABWP 
survey. Note: water depth (-38 m) and swath width (64 m). Data are colour coded by water depth. 

Using the swath coverage strategy outlined above, an area of approximately 91 km2 was surveyed by 

multibeam in the ABWP survey area (Figure 4). The coverage consisted of a series of parallel, broadly 

east-west oriented lines and 17 cross lines perpendicular to these survey lines. These cross lines were 

used in the final assessment of the post-processed data to confirm product quality in terms of 

accuracy.  
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Figure 4: Map showing the total survey coverage during the initial ABWP survey. 

2.2.4 Positioning accuracy 

The surface positioning quality during field operations met the ǊŜǉǳƛǊŜŘ ǇǊƻƧŜŎǘΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ, as 

documented in the Mobilisation Report (Table 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 assessment shows consistent vertical alignment of sounding overlap (Figure 5).  

 

Figure 5: PLot showing a typical across track bathymetric data to highlight the vertical ΨƳŀǘŎƘƛƴƎΩκǇƻǎƛǘƛƻƴƛƴƎ ƻŦ 
the raw data acquired with 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 profiles. Sound 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 hours or by the discretion of the 

senior surveyor. A total of 86 sound velocity profile casts were acquired during survey operations, (37 

Roman Rebel and 49 Lady Kathleen). Surface sound velocity values measured at the multibeam 

transducer head were continuously measured and monitored by the acquisition software (i.e. QPS 

QINSy). When QINSy measures a difference between the sound velocity at the transducer (Figure 6) 

and in the profile, an alarm is set off. When this happens, a new sound velocity profile is recorded. 

This cautionary procedure ensured that the sound velocity value was updated whenever there was 

any considerable change in the physio-chemical properties of the underlying 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). 

Figure 6 shows a sample of typical sound velocity values recorded during the ABWP survey. 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.  

 

Figure 6: Representative example of surface sound velocity measurements recorded during survey operations 
(±0.4 ms-1 variation over a 30-minute period) 
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Figure 7: Representative sound velocity profiles acquired during the Area_E survey period during the ABWP 
survey 

2.2.6 Sounding quality 

Multibeam echosounders record acoustic energy using a transducer. As such, they are sensitive to 

noise that 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, biofouling, or interference by acoustic energy that is similar in frequency to that of the 

multibeam (400 kHz). Green Rebel has completed testing to optimise survey parameters for minimal 

across-sounder interference. However, it is impossible to eliminate these artefacts completely. Noise 

and artefacts expressed in the raw multibeam bathymetric data during the ABWP survey operations 

are uncommon and when they do occur, they are minor (Figure 8). 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 from 1 to 1,636 soundings per 1 m cell. The 

mean number of soundings in the raw bathymetric data are 47 per 1 m cell. Traditionally, a minimum 

of 9 soundings per 1 m cell are required for IHO standard Order 1a. As such, sounding density is well 

within the range to achieve the final product specification after post-processing.  

 

Figure 8: Sample of typical noise artefacts recorded by the multibeam echosounder and expressed in the sounding 
data. Note: units in meters and vertical exaggeration of x22.78.  

2.2.7 Data quality 

2.2.7.1 Roman Rebel 

The processed multibeam echosounder-derived bathymetric data achieves the required specifications 

IHO Order 1a. Criteria for Order 1a standard include feature search (100%), bathymetric coverage 

(100%) and maximum allowable total vertical uncertainty (TVU). To calculate TVU, (Equation 1 is 

utilised: 

 

(Equation 1)    ὝὠὟ Ὠ  ὥ  ὦὨ 

 

Where a is the proportion of the uncertainty that does not vary with depth (0.5 m), b is a coefficient 

which represents that portion of the uncertainty that varies with depth (0.013) and d is the measured 
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water depth (m). Table 5 shows the test results used to determine if the data acquired during the 

ABWP survey achieved the level of accuracy required for IHO Special Order. 

Table 5: Multibeam bathymetric data cross check results 

Attribute  
Value 

Lot 1A Lot 1B Area E 

Special Order Error Limit  0.270377 0.31902 0.35033 

Special Order # Rejected  59247 785535 3123 

Special Order P-Statistic  0.00316651 0.00534795 1.92779e-05 

Special OrderTest  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, 2.820] [-29.190, 5.862] [-2.466, 1.441] 

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 Z-Range  [-21.226, -9.060] [-54.557, -3.251] [-39.797, -23.437] 

Reference Z-Range  [-16.463, -9.153] [-44.534, -3.312] [-39.456, -23.576] 

 

Online quality control inspections were performed during acquisition by the lead surveyor to ensure 

a high-density (40) of soundings per 1 m cell. This was confirmed in post-processing where the final 

sounding grid had a minimum of 1 sounding per 1 m bin (near empty cell due to noise), a maximum 

of 2303 soundings per 1 m bin and a mean of 227 soundings per cell. For transparency, this is visualised 

below (Figure 9) and highlights the quality of the final bathymetric data.  

Navigation data were logged in standard C-Nav format which were integrated within the raw QINSy 

database files. Real-time positioning data quality from C-Nav was of sufficient quality to achieve IHO 

Special Order standard requirements. Vertical errors within GPS heights were low (± 7 cm) and provide 

a robust solution for computation of GPS tide. GPS tide was computed using the separation model 

between World Geodetic System 1984 (WGS84) datum and VORF LAT.  
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Figure 9: Histogram showing the number of soundings per 1 m bin within a representative bathymetric surface 

Overall quality control of the data was completed by generating a QPS Qimera Dynamic surfaces from 

all MBES sonar data within the ABWP survey area. The dynamic surface was created with a range of 

parameters used to assess the data and ensure it falls within specification. The uncertainty at 95% 

confidence interval was assessed in order to highlight areas where the vertical spread of soundings 

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 heavy weather 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. 

Figure 10 shows the uncertainty of the final bathymetric sounding grid at the 95% confidence interval. 

These data show that the uncertainty is typically < 0.03 m and typically do not exceed 0.1 m although 

in rare circumstances there are higher standard deviations (up to 7.1 m) around small seabed features 

that occur in the outer beams where higher beam scattering occurs. Nevertheless, the mean and 

modal uncertainty are 0.049 and 0.03 m respectively, which demonstrates the quality and consistency 

of the overall 1 m grid. This is pLotted spatially in Figure 10, which shows the spread of uncertainty 

data between 0 and 0.4 m. In addition, a longitudinal cross section through the surface shows that the 

data are vertically well-aligned (Figure 11). No clear and obvious 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 (A-!Ω-B) 
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Figure 11: Cross section A ς AΩ ς B as seen in Gr. Note: the vertical distribution of lines matches well. 

 

Figure 12: Histogram showing the vertical offset for each 1m cell in a representative area (Note: values do not 
exceed 0.35 m). 

2.2.8 Final product 

The final bathymetric grid was exported at 0.3 m per pixel as 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 product (Figure 13).  
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Figure 13: Comparison of pre- and post-processed bathymetric grids and respective point clouds. 

2.3 Multibeam backscatter 

2.3.1 Data acquisition ς RR and LK 

Multibeam backscatter strength data depend on seabed 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 GIS-friendly format. To do this, the multibeam *.db files were exported as a series of 

generic sensor formatted files (*.gsf) from Qimera. These files were then imported into vt{Ωs 

GeoCoder Toolbox (FMGT). The Geocoder algorithm removes all the gains used during acquisition and 

applies a series of radiometric and geometrical corrections to the original acoustic observations to 

obtain a correct value of backscatter strength (Fonseca et al., 2009). To do this, all sonar parameters 

were defined (number of beams, frequency, etc.). Any cross lines were removed to reduce the 

presence of artefacts in areas that already have pre-existing coverage within the project. 

2.3.2 Processing workflow 

The intensity of each ping was read by the algorithm which subsequently normalised them to account 

for variability (beam angles, vessel motion/weather, along track variability, etc.). The resulting data 

were coloured and plotted. This shows seabed spatial variation recorded during the survey leg. The 

gridded backscatter mosaic was then exported as a raster (*.asc ArcView Grid and *.tif GeoTiff) which 

corresponds to XYZ where X and Y are co-ordinate notation and Z is backscatter intensity in decibels. 

Throughout this report, references to backscatter refer to relative backscatter strength. 

The processed bathymetric dataset was exported in a generic sensor format (*.gsf) and processed to 

create a single, backscatter-standardised gridded dataset. The specific aim of this processing was to 
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create a map of comparable acoustic seafloor 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 along-line backscatter shifts which were either time-varying or 

constant. These issues were easily resolved through the application of 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 and sediment boundaries. The mosaic was tiled, exported (binned at 

0.5 m) and coloured by backscatter value (Figure 14).  

 

Figure 14: Before and after line backscatter adjustment to MBES BS files from ABWP CR1 Lot 1B 
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2.3.3 Angular Range Analysis (ARA) and Seabed Sediment Interpretation 

Angular Range Analysis (ARA) was derived from MBES acoustic backscatter data using FMGT v. 7.10.1. 

This process allows for a multifaceted characterisation of the seafloor substrate type while 

maintaining a non-invasive survey status. These data can provide important information and context 

to planning for subsequent geotechnical survey operations beyond the insights possible form 

bathymetric data alone; it can be used to highlight areas where seabed substrate may be consolidated 

and could damage sampling equipment.  

A beam-by-beam time-series of acoustic backscatter provided by the multibeam sonar was analysed. 

These backscatter values were then corrected for seafloor slope, beam pattern, time varying and angle 

varying gains including area of insonification, i.e. area flooded with controlled sound waves. From this, 

a series of parameters were 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 estimated (Fonseca and Mayer, 2009). 

Following ARA, seabed sediments were manually delineated further by utilising MBES Bathymetry, 

MBES Backscatter and the subsequent backscatter derived ARA grid. Under this approach sediments 

were grouped into the most commonly occurring grain size categories based on values derived from 

ARA and backscatter intensity. These were; Medium Sand, Coarse Silt, Sandy Mud and Clay. Individual 

shapefiles of these sediment types were created. 

2.4 Side-scan Sonar 

2.4.1 Data acquisition ς Roman Rebel and Lady Kathleen 

Side-scan sonar (SSS) data were acquired with a deep-towed Edgetech 4205 side-scan. The fish was 

towed at approximately 7ς8 m above the seabed, approximately 100 m behind the vessel. During 

acquisition, the fish was operated at two frequencies (230 and 850 kHz). Positioning for the SSS data 

on the Roman Rebel was acquired with a Kongsberg uPAP USBL (Ultra Short Base Line). On the 

contrary, positioning for the SSS data on the Lady Kathleen was acquired with the ixBlue GAPS USBL 

positioning system. Data acquisition was managed in Edgetech Discovery where range, frequency and 

file type were controlled. Logging of raw data were managed in QINSy which created a series of 

Logfiles as 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 

SSS systems measure the intensity of their returning signal. The aim of SSS data processing is to merge 

all sonar data, apply offsets and navigation correction (as required), and correct the sonar signal (gains 

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

all SSS data processing was carried out in SonarWiz v7.07. The general processing workflow is outlined 

in Figure 15. All raw SSS data are stored in *.jsf files (Edgetech proprietary file format) which include 

sonar data, vessel and fish XY position, cable out, fish height and frequency. As a backup, logfiles 

containing vessel and fish positions were exported in a *.txt file format from QINSy independently. 
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Navigation 300 ping smoothing was applied when files were imported into the SonarWiz project, 

limiting nav drops and swirls. 

SSS *.jsf files were imported to SonarWiz which was set up to correctly read the correct fields from 

the file (USBL position and heading rather than vessel position). Once the data were imported, they 

were converted to a CTI proprietary processing file type (*.csf). When preliminary investigation 

showed that they pLot correctly, each line was inspected for navigation. To do this, the navigation for 

each line was inspected and anomalous spikes were ŎƻǊǊŜŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ƛƴǘŜǊǇƻƭŀǘƛƴƎ ǘƻƻƭ ƛƴ ά½ 

ŜŘƛǘƻǊέΦ ¢ƘŜ ƭƛƴŜǎ were inspected to determine the bottom tracking parameters for each line. Manual 

bottom tracking edits were applied if deemed essential. To enhance the sonographic imagery for 

subsequent analyses, at this stage, gains could be applied. Typically, Empirical Gain Normalisation 

(EGN) is applied which creates a dictionary of all amplitude data from all files and assesses them 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 features. During the processing 

workflow, it was determined that contacts were best captured using a black to bronze colour palette, 

where shadows are illustrated in black. 

Geographic accuracy was measured by isolating each line and measuring the linear distance between 

multiple seafloor features that are seen in both the SSS line and the bathymetric data (collected by 

MBES, passing IHO Order 1a). Seafloor features of interest were typically boulders or rocky outcrops 

with visual characteristics that are easily identified. Attempts were made to ensure that the 

measurements are equally distributed near both ends of the SSS survey and at several points along 

the middle when possible. A minimum of 5 points was sought after from each line. However, if an area 

had little in the way of distinctive seafloor features, fewer points were used. If the average (mean) 

difference was 2 m or less, the line was considered geographically accurate and no geographic 

corrections were required. If the average error was greater than 2 m, map corrections were applied 

to georeference the SSS data to the bathymetry. After map corrections were made, the accuracy 

assessment process was repeated, whilst taking care not to measure the same seafloor features that 

the map corrections were based on. However, in some areas where distinctive seafloor features were 

rare, this might not be possible. With these amendments, the average difference is now less than 2 

m, and the line with map corrections was accepted. If not, further map corrections and subsequent 

accuracy assessments were made. In the case of this project, the side-scan sonar data was categorized 

based on its level of quality after applying navigation corrections (see Figure 15). These are: Category 

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 

side-scan data and compared to the bathymetry data. The average offset of 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 side-scan data and compared to 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 side-scan data which has an average offset of <2m following map 

corrections; Category 3: Map corrections could not rectify offsets between the side-scan sonar data 

and the bathymetry. Following map corrections, the average offset of these points was well above 
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>2m; and Category 4: These lines were unusable due to bad quality navigation data]. Sonar contacts 

were picked from Category 1 and Category 2 SS files, as they provide trustworthy navigation. 

The processed sonar files from Category 1 and Category 2 data were then converted into a grid using 

the Inverse Distance Weighted algorithm. The final surface was then exported as a geoTiff (*.tif) at a 

resolution of 0.2m. 

 

Figure 15: Green RebelΩs side-scan sonar data processing and assessment strategy 

2.4.3 Accuracy assessment and corrections 

The SSS data were positioned with an accuracy of ± 0.44% of the slant range. Overall, the USBL tracked 

the position of the SSS well, meeting the required specifications. However, isolated, localised 

deviations were observed (~30 m), particularly in Lot 1A. Minor navigation wobbles and 

inconsistencies are common with USBL systems and easily influenced by environmental factors (cf. Li 

et al., 2018; Figure 16). This is typical and can be rectified in post-processing to ensure that geographic 

accuracy of 2 m can be attained per project specifications. Minor navigation errors also correlate with 

rapid change in sensor depth when the cable is retrieved to avoid the fish crashing into a topographic 

high (anthropogenic and natural), as seen in Figure 17. 
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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 in SonarWiz. This forces the stretching of pixels to 

bridge the data drops (Figure 18), resulting in mosaic geographic errors over 100 m, in extreme 

examples. This was rectified in processing steps through the 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. 

 

Figure 17: Navigation errors seen in the x y pLot (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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Figure 18: USBL navigation drops result in άǎǿƛǊƭέ ǇŀǘǘŜǊƴǎ ŀƴŘ ǇƛȄŜƭǎ ǘƘŀǘ ŀǊŜ stretched 

2.4.4 Image quality 

The objective of SSS surveying and analyses is to reveal surficial seabed characteristics. Typically, this 

means delineating/identifying geological features, sedimentary structures, changes in sediment types, 

boulders, wrecks and geohazards. Features such as boulders and changes in geology are identifiable 

and well defined (e.g. Figure 19, Figure 20, Figure 21); thus, the data were deemed fit for purpose and 

processing. Noise and interference are typically absent from the data. 

 

Figure 19: Unprocessed side-scan mosaic close-up showing two boulders from the site 

.ƻǘǘƻƳ ǘǊŀŎƪƛƴƎ ǿŀǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ŀǇǇƭƛŜŘ όоΣ оΣ с ŦƻǊ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ά.ƭŀƴƪƛƴƎέΣ ά5ǳǊŀǘƛƻƴέ ŀƴŘ 

ά¢ƘǊŜǎƘƻƭŘέ ŦƻǊ seafloor threshold detection), with minimal manual modifications required. The EGN 

gains improved the peripheral image clarity, resulting in a clear image across the whole swath (Figure 

20). The SSS data was of consistently high quality, corroborated by the obvious identification of 
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seafloor objects such as boulders and sediment boundaries (Figure 21). The data had only isolated 

minor artefacts over the entire area. 

 

Figure 20: Example of the raw and processed data (Line GRM_22G03_RR_E_051_ABWP_20220922-1722). The 
top image shows the raw side-scan, 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 implemented (Bottom tracking and EGN gains applied) to improve the visual 
quality. 
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Figure 21: Image quality from the low-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 acquired using a single Geometrics G882 Magnetometer which was deep 

towed at a range of 0.34 m to 16 m off the seafloor, depending on local bathymetry and/or presence 

of in-situ fishing equipment. The fish was towed approx. 100 m behind the vessel. During acquisition, 

the fish measures the total magnetic field in nT, with a typical sensitivity of 0.02 nT at a 0.1 sec sample 

interval. On the Roman Rebel, positioning for the magnetometer data was acquired with a Kongsberg 

uPAP USBL with an accuracy of ± 1.3% of the slant range. On the contrary, positioning for 

magnetometer data collected on the Lady Kathleen was acquired with the ixBlue GAPS USBL 

positioning system. Data acquisition was managed in QINSy which created a series of log files with 

details including USBL positioning, line name, magnetic amplitude, signal strength, altitude, depth, 

vessel speed. Coverage was varied throughout the site, with line spacing averaging approx. 25 m 

(Figure 62).  

Diurnal variations in magnetometer readings can vary as much as 80 nT daily. These variations are 

caused by the rotation of the earth and solar winds. Variations are on hours to days scale and 

significant deviations may be indicative of geomagnetic storms. These variations can be influential on 
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marine magnetometer readings. It is unlikely that diurnal magnetic variation would influence the 

detection of anomalies, as anomalies caused by shipwrecks, unexploded ordnance etc. are 

significantly greater than normal diurnal variations. In addition, 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 anomaly on the seafloor. Land-based 

magnetometers were used to provide background offset values to correct diurnal variations. These 

are not considered the most robust normalising dataset for marine-based data (Sergipe et al., 2021), 

but this was requested by the client. The nearest land-based magnetometer was located at the DIAS 

Dunsink Observatory. This Dublin based observatory uses a Long-Period Magnetotelluric Instrument 

(LEMI-417M) to record geomagnetic readings every minute. These data are readily available in the  

(The Magnetometer Network of Ireland, 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 detection (such as wrecks, pUXO and sub-sea 

infrastructure) and seabed geology characterisation.  

The general processing workflow is outlined in Figure 22. The magnetometer data was logged as a 

QINSy logfile (*.txt) which includes vessel and fish XY, cable out, fish depth, fish altitude, magnetic 

amplitude and signal strength. Magnetometer data processing aims to format the data, QC the validity 

of the traces, correct for erroneous spiking, and 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 in-house created Python script. This script, written in Jupyter Notebook (v6.4.5), utilises 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 result is a *.CSV file that 

can be imported into SonarWiz using a customised file template.  

Before importing into SonarWiz for processing, diurnal corrections were applied. To match the marine 

magnetic dataset collected by Green Rebel, the Dunsink dataset needs upscaling to second interval 

data. This was achieved by linear interpolation (Blake et al., 2016) using a bespoke python code. Gaps 

in the dataset did not exceed 20 minutes. The Valentia observatory collects derivative magnetic field 

strength across the x, y and z directions; Bx, By and Bz which were then converted to Bt (magnetic 

strength) using (Equation ) below.  

 

(Equation 2) 

ὄὸ ὄὼ  ὄώ ὄᾀ 

 

To offset the marine magnetometer, the residuals around the mean value of the land magnetometer 

was taken as offset values. Firstly, the mean was calculated using formula B where X1 was the first 

recording and Xn was the last recording between date 1 and date 2 at x intervals (Equation 3).  
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(Equation 3) 

ὼ  
ὢ Ễ ὢ

ὲ
 

The mean was subtracted from the Bt values to achieve a residual, normalised value for use as an 

offset of the marine magnetometer. (Equation 4).  

 

(Equation 4) 

ὄὶ ὄὸὼ 

The offset was applied by subtracting the residual around the mean values from the record marine 

data where Bm represents the marine magnetometer data (Equation 5).  

 

(Equation 5) 

ὄὧ ὄά ὄὶ 

 

The treated magnetometer files were then imported to SonarWiz v7.09 where they were displayed 

over bathymetric data to ensure that they pLot correctly. Each file was inspected for navigation-

related data errors. Data spikes were removed from the navigation lines using a non-linear smoothing 

tool. Similarly, anomalous altitude and depth values were removed from the data. The raw magnetic 

values were inspected and erroneous spikes were removed through the implementation of an upper 

and lower threshold limiter filter with a range of approximately 47,000 nT and 52,000 nT. Similarly, 

the altitude and corresponding depth of the Geometrics are validated to ensure data exceeds agreed 

standards. To determine regional background values, a stationary filter (smoothing constant) was 

applied to the raw magnetic trace (M1). A moving average, low-pass filter was then applied to the 

data to remove minor background data spikes (M2). The residual magnetic trace was subsequently 

calculated by (Equation 6): 

 

(Equation 6)      M1 ɀ M2 = K 

 

where K is the residual trace. The total and residual magnetic field grids were subsequently generated 

using Surfer 23 software. Kriging was used to grid both the residual and total field grids at 0.5 m 

resolution, with 5 m of blanking distance applied. A standard of 10 nT (peak to peak SD) was used to 

automatically identify and pick magnetic targets. Targets with residual values approximate to the 

threshold were also picked, where appropriate. A target shapefile was then exported and brought into 
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the SSS/UHRS/MBES projects when appropriate, where they were inspected manually over these 

datasets to determine both their source and the validity of the anomalous reading. When no obvious 

feature can be observed, other data strings were assessed (e.g. vessel log for nearby vessels, buoys, 

sudden depth changes) that may have 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 exported in multiple formats for convenience (*.tif , *.grd, *.flt, *.csv/*.xyz). This gridding 

procedure was repeated for altitude and depth at 1 m resolution.  

 

 

Figure 22: Green RebelΩs magnetometer processing and assessment workflow 
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2.5.3 Positioning and navigation 

The magnetometer data were positioned via Kongsberg UPAP USBL with an accuracy of ± 1.3% of the 

slant range. Overall, the USBL regionally tracked the position of the magnetometer well. However, 

local scale variations were observed (1ς60 m). Navigation wobbles and inconsistencies are common 

with USBL systems (cf. Li et al., 2018) and are easily influenced by environmental factors. The raw 

magnetometer navigation track contrasted with the processed from the site (Figure 63) shows these 

local scale variations. These variations are normal and were rectified in post-processing through the 

application of smoothing filters. Occasional dropouts from the USBL, induced by the magnetometer 

losing connection with the USBL beacon onboard were noted. This was more apparent in the shallow 

bank & landfall sites, where readings from the Geometrics were more inconsistent and noise-induced. 

This was also corrected in post-processing by interpolating the navigation between the observed error 

windows. Within the survey the area, approximately 827.9 km of magnetometer survey 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.  

The total field and residual data were gridded at 0.5 m resolution using a Kriging algorithm in the 

Surfer software (Figure 66 and Figure 67). To adjust for blanking, a 5m radius search limit was applied 

in both the X & Y derivatives. Finally, the grids were manually projected to the correct CRS, before 

being exported in * .GRD, *.FLT, *.TIFF & *.CSV formats. This gridding process was repeated or altitude 

and depth at 1m resolution.  

2.6 Sub-bottom profiler 

2.6.1 Data acquisition 

2.6.1.1 Roman Rebel 

Sub-bottom profiler data were acquired with a hull-mounted Innomar Medium 100 parametric sub-

bottom profiler. The primary frequency of 100 kHz was used to determine the bathymetry and the 

secondary frequency of 8kHz was used to determine the sub-seafloor strata. All acquisition was 

managed via Innomar SESWIN software, which visualised raw sub-bottom profiles in real-time. Online 

data was quality controlled in SESWIN to ensure acquisition parameters were optimised during the 

survey operations. Raw data were recorded as *.ses3 files and subsequently converted to SEG-Y file 

format. Format handling procedure and the relevant trace header byte information are included in 

Appendix 1. The geophysical lines were surveyed with a line spacing of 50 m for mainlines and 1000m 

for crosslines (Figure 23) 

2.6.1.2 Lady Kathleen 

The Lady Kathleen is out fitted a pole mounted Innomar standard 100 parametric sub-bottom profiler. 

Similar to the Roman Rebel, the primary frequency of 100 kHz was used to determine the bathymetry 

and the secondary frequency of 8kHz was used to determine the sub-seafloor strata. Acquisition was 

managed using Innomar SESWIN software, which visualised raw sub-bottom profiles in real-time. 

Online data was quality controlled in SESWIN to ensure acquisition parameters were optimised during 

the survey operations. Raw data were recorded as *.ses3 files as a 32bit floating integer and 
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subsequently converted to SEG-Y file format. Format handling procedure and the relevant trace 

header byte information are included in Appendix 1. The geophysical lines were surveyed with a line 

spacing of 25 m for mainlines and 1000m for crosslines (Figure 23).  

 

 

Figure 23: SBP track lines for processed from the Roman Rebel and the Lady Kathleen. Colours denote the 
individual survey areas. 



SSE ABWP Processing and Interpretation Report 

 

GRM_22G03_ABWP_PROC_001 
 

Page 48 of 171 
 

13/02/2023 

2.6.2 Processing workflow 

Sub-bottom Profilers (SBP) are used to image and characterise the physical properties of the sub-

seabed and its internal structure. Sub-bottom profiler processing aims to generate high-resolution 

images that can aid geological interpretation and characterisation of the study area. The general 

workflow is outlined (Figure 25).  

2.6.2.1 Post processing - navigation injection  

During acquisition, a timing issue between the Innomar unit and Qinsy unit caused a temporary un-

synchronisation. Following acquisition, the data were assessed for navigation quality at the office by 

checking the trackpLot navigation for each line. Qinsy navigation was replayed on the vessel and 

exported out as logfiles. A total of 55 sub-bottom lines were identified as having no navigation (Figure 

24) and a timing offset was noted between the timestamps of the SBP data and the Qinsy track pLot 

data. The Qinsy trackpLot logfiles were adjusted to accommodate the timing offset manually by 

adjusting the start times of the logfiles to match the SBP timestamps and following this step were 

injected into the RAW files using the SIS Replace function in the ISE2 software. In some cases a timing 

issue still existed and a 200 - 400 metre offset could be observed in the newly injected data. As a 

secondary fix, all data were cross referenced with the MBES and each line manually georeferenced to 

the bathymetry grid by using contacts and seabed features prominent in both data sets.  

2.6.2.2 Signal processing  

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 SonarWiz v7.09.04 post-processing 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 cross-checked using ISE v.2 to ensure data quality by 

identifying reflectors and features within the 2D profile data.  

Using SonarWiz, the data were bottom-tracked using the threshold detection bottom-tracking 

algorithm and the results were manually adjusted where needed. Subsequently, the dataset was 

vertically referenced to LAT (Figure 31) . A corrected bathymetric grid for the area was imported and 

provided a reliable tidal, heave and sound velocity-corrected surface for cross-reference. Following 

LAT datum correction, the data were filtered, and the water column blanked (Figure 32). Filters were 

applied to remove excessive noise and improve the visibility of sub-seabed reflectors. Firstly, data 

were corrected for heave and swell. After corrections, a hamming bandpass filter was applied (3000ς

9000 Hz). Water column noise was removed from the data by applying water column blanking. After 

a preliminary inspection of the data, reflectors were digitised systematically, starting with those 

closest to the seabed.  
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Figure 24: Post processed navigation for SBP - area Lot1A 
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Figure 25: DǊŜŜƴ wŜōŜƭΩǎ ǎǳō-bottom profiler data processing and assessment workflow 

 

2.6.3 Tidal and datum control 

The sub-bottom profiler was hull mounted and received its ellipsoidal absolute position from the 

iXBlue HYDRINS (a Global Navigation Satellite System inertially aided), with centimetric accuracy 

vertical positioning corrections. Subsequently, the SBP transducer data needed to be reduced to the 

survey datum: LAT. This was achieved by correcting the bottom-tracked SBP data to datum-corrected 

bathymetry during post-processing using the SBP vertical offset tool available in SonarWiz. 

2.6.4 Resolution and penetration 

The theoretical vertical resolution depends on the physical parameters of the used frequency and 

pulse length. It can be calculated as:  

‗ , 
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Where the pulse length, Ὕ  , f is the centre transmitted frequency, and ὺ is the sound speed in a 

medium. The Innomar sub-bottom profiler was operated using a transmitted frequency of 8 kHz, thus 

providing a vertical resolution of up to 0.05 m. 

The Innomar medium 100 SBP has a transmit beam width of ±1° (at the reference level of -3dB), which 

corresponds to the footprint of c. 3.5% water depth. This means that at 1 m water depth, the 

horizontal resolution is 0.035 m. The average depth at the survey site, calculated from the MBES 

bathymetry, equals 25.5 m. Hence, the mean SBP beam footprint during the survey operations was 

0.89m. The typical sample frequency was 96,000 samples, with a mean of 6400 samples per echo 

recorded. The signal pulse length was 120 µs.  

The range length for the recorded Innomar SBP data was adjusted when needed during the survey 

operations according to the observed water depth and sub-seabed penetration and spans between 

30 and 50m. The parameters above optimise the Innomar sub-bottom 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  

Sub-bottom profilers define and characterise sediment structures in the shallow subsurface (i.e. 

unlithified sediments) but can also detect the surface of the underlying bedrock under the right 

conditions. Given that the sub-surface features can be well-delineated in the raw data, the Innomar 

SBP data meet specifications and fit for purpose. Sub-seabed reflectors are evident and display a 

strong signal where present everywhere across the survey area.  

Some data were affected by weather-induced noise, given the sensitivity of the Innomar transducer 

to collision with air bubbles during less favourable sea states. This phenomenon typically occurs as 

ǾŜǊǘƛŎŀƭ ǎǘǊƛǇŜǎ ƛƴ ǘƘŜ Řŀǘŀ ŀƴŘ ƛǎ ƪƴƻǿƴ ŀǎ ΨōǳōōƭŜ ǊǳǎƘΩ ŀƴŘ ƛǎ ƻŦǘŜƴ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ƳƛƴƻǊ ƎŀǇǎ 

(Figure 32). Despite these artefacts, seabed reflectors are visible, continuous and can be objectively 

resolved. The noise unaffected the penetration depth and, as mentioned in the previous subsection, 

depends on subsurface geology. Throughout the dataset static seabed offsets are apparent. This is 

likely due to the altering of the recording range setting during acquisition as the transducer moved 

from shallow to deep water (Figure 30). Offsets in the data were corrected by manually bottom 

tracking the seabed and correcting the surface to the MBES surface (Figure 30).  

The raw data from the Innomar Medium show a notable low-frequency noise (Figure 26) recorded (up 

to -27 dB at < 3000 Hz) and some additional interference at the higher frequency (> 8000 Hz). 

SImailarly, the raw data from the Innomar Standard show low frequency noise (Figure 27) recorded 

up to ( -29 dB at < 3000 Hz) with notable notches at 6000 Hz and 8000Hz. It is expected that the noise 

experienced at lower frequencies is ambient noise within the water column and from the vessel 

(Figure 32), while noise associated with higher frequency is likely introduced from other survey 

equipment e.g., multibeam echosounder or SSS. This interference can be cleaned and filtered out 

post-processing by applying a bandpass filter to remove the excess low and high-frequency signal 

components. The step-by-step filtering process is described in sub-section 2.6.2.2 



SSE ABWP Processing and Interpretation Report 

 

GRM_22G03_ABWP_PROC_001 
 

Page 52 of 171 
 

13/02/2023 

 

Figure 26: An example spectrograph representing one trace of the Innomar Medium SBP data from Area E on the 
Roman Rebel 

 

 

Figure 27: An example spectrograph representing one trace of the Innomar Standard SBP from area Lot1A on the 
Lady Kathleen vessel.  

2.6.6 Final product (Quality) 

Noise artefacts can be corrected and improved during data processing through signal processing, gains 

and filters. Therefore, after bottom tracking filters were chosen and applied to the acquired SBP data 

based on frequency distribution of the noise visible in the spectrographs (Figure 28 and Figure 29). A 

άIŀƳƳƛƴƎέ ǘȅǇŜ bandpass was utilised, filtering noise from a frequency range of (3,000 Hz to 9,000 
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Hz) was used. This improved the data quality and helped distinguish reflectors within the sub-bottom 

data. 

 

Figure 28: Spectrograph histogram of bandpass filtering applied to the Innomar standard data on the Roman 
Rebel 

 

 

Figure 29: Spectrograph histogram of bandpass applied to the Innomar Standard SBP data on the Lady Kathleen 

¢ƘŜǎŜ ŦƛƭǘŜǊǎΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ ŀǇǇƭƛŜŘ άǿŀǘŜǊ ŎƻƭǳƳƴ ōƭŀƴƪƛƴƎέ ǘƻƻƭΣ ǿƘƛŎƘ ŜƭƛƳƛƴŀǘŜǎ ǘƘŜ ǎƛƎƴŀƭ 

component corresponding to the water column above the seabed, significantly increase the visibility 

of weaker signals and enhance reflectors (Figure 31).  



 

Page 54 of 171 
 

13/02/2023 

 

 

Figure 30: Top image: Raw sub-bottom profiler data before processing displaying heave at the seabed and a static offset. The black line represents the MBES grid surface 
before LAT correction. Bottom image; Processed data shows the bandpass filter has cleaned the signal and enhanced reflectors. Heave and swell have been removed from the 
data.  
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Figure 31: Top image; Raw data from Area E uncorrected for heave and with no vertical offsets applied. Bottom 
image; Processed data displays bottom tracked SBP data that is heave corrected and reduced to the LAT 
datum. A bandpass filter improves the signal to noise ratio.  
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Figure 32: Top image; Example of signal processing of SBP data from the Lady Kathleen vessel. The raw data 
image displays vertical striping and a water surface multiple. Bottom image; Processed data has applied water 
column blanking to remove noise from the water column and to a bandpass filter has been utilised to improve 
the signal to noise ratio
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3 Classifications  

3.1 Seabed Targets  

Seven types of seabed contacts were identified in the ABWP site (Table 6).  

Table 6: Types of seabed contacts 

Contact type Description  

Boulder Rock >0.3 m 

Debris  Small contacts, likely anthropogenic  

Outcrop Bedrock protruding from seafloor 

Pipeline Linear contact cross referenced versus known pipeline 

Linear Contact Unknown contact, linear morphology 

Sonar Contact Unknown contact, alternative morphologies 

Wreck  Shipwreck  

 

3.2 Inferred Seabed Sediments  

8 seabed sediment types of 20 classes outlined by Fonseca et al., (2009). were used to categorise the 

ARA results (subsection 2.3.3). These are summarised in Table 7.  
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Table 7: Seabed sediment categories used to classify ARA results 

Texture Sediment type Description *  

F
in

e
 ă

  Ą
 C

o
a

rs
e 

Coarse to gravelly sand  4 

Medium to gravelly muddy sand  5 

Medium sand  6 

Fine sand  7 

Silty sand 8 

Muddy sand 9 

Very fine sand 10 

Coarse silt  12 

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 classes described in QPS FMGT (www1) 

3.3 Sedimentological bedforms  

Two types of sedimentological seabed forms were used to categorise MBES bathymetry, MBES 

backscatter and SSS results. These are summarised in Table 8.  

Table 8: Sedimentological bedform categories 

Feature Name Feature Morphology 

Sandwaves 
Wavelength Җ 10 m 

Height Җ 1 m 

Megaripples 
Wavelength Җ 200 m 

Height Җ 10 m 

 

3.4 Magnetometric Targets  

Magnetic targets were identified as having a residual range of > = ± 10nT, as outlined in the scope of 

works. Within this range, four target types were classified based on the characteristic of the residual 

signal (Table 9).  
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Table 9: Magnetometric target classifications.  

Target classification  Description  

Monopole  Target with a singular positive or negative signature 

Dipole  Target with both positive and negative signatures  

Complex  Target with multiple positive and/or negative signatures  

 

4 Results  

4.1 Regional Geology Review  

The present day seabed bathymetry and structure is a result of pre-quaternary processes, quaternary 

glacial processes and the modern hydrodynamic regime. The areaΩǎ ƘȅŘǊƻŘȅƴŀƳƛŎ ǊŜƎƛƳŜ ƛǎ 

dominated by tidal currents and is characterised by coarse sediments, sand wave fields and gravel 

banks. Waves are generally characterised by a short-period with a limited access of swell waves to the 

basin, as it is partially enclosed.  

4.1.1 Pre-Quaternary Geology 

The pre-quaternary geology across the Arklow Bank is characterised by three different formation types 

; Cambrian sandstone, Cambrian metamorphic and Ordovician slate. This is based on the (EMODnet 

Map Viewer (europa.eu) offshore bedrock map where chronological and compositional information 

indicates the presence of predominantly Cambrian and Ordovician metasediments and volcanics. The 

onshore formations most likely present offshore are listed in Table 10.  

Table 10 : Rock formation found in Arklow onshore region 

Geological Period Formation  Description 

Ordovician Oaklands Formation  Green-red purple slate  

Dolerite Basalt and DŀōōǊƻΩǎ  

Arklow Head Formation Black slates overlain by rhyolitic tuffs 

Ballymoyle Formation Rhyolitic volcanics, grey and black slate.  

Kilmacrea Formation Dark grey slate, minor pale sandstone 

Maulin Formation Dark blue-grey slate, phyllite and schist 
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Figure 33: Bedrock geology map displaying Ordovician slate (pale green), Cambrian sandstone (yellow) and 
Cambrian metamorphic rock (dark green) bedrock extents in the survey site. (Source: EMODnet Map Viewer 
(europa.eu)) 

4.1.2 Quaternary Geology 

The Irish Sea was glaciated during the Last Glacial Maximum (27 kaς18 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). 

¢ƘŜ ǳǇǇŜǊ ǘƛƭƭ ƳŜƳōŜǊ ŎƻƳǇǊƛǎŜǎ ǎŀƴŘ ǘƻ ōƻǳƭŘŜǊπƎǊŀŘŜ material and is often overconsolidated 

(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 heterogeneous mix of sediments, predominately gravels, with mud, sand, and cobbles, referred to 

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

¢ƘŜ ǎǳōǎŜǉǳŜƴǘ ƳŀǊƛƴŜ ǘǊŀƴǎƎǊŜǎǎƛƻƴ ŀƴŘ ǇǊŜǎŜƴǘπŘŀȅ ƘȅŘǊƻ-dynamics reworked much of the glacial 

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 waves vary in 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 al., 2012; Coughlan et 

al., 2020).  
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Figure 34: Map displaying the extent Irish Sea Basin and the extent of the Irish Sea Stream (ISIS) flow (Van 
Landeghem et al., 2021) 

The near-shore marine environment off the east coast of Ireland is characterised by a series of coast-

parallel, north-south trending linear sandbanks (Warren & Keary, 1989; Kearns-Mills, 1996; Molloy & 

Kennedy, 2001). The Arklow Bank is a dominant geomorphological feature around 12 km offshore 

Arklow town and it is situated in an area known as the Irish Platform, 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 north-south, around 1.5 km wide and reaches heights of 2-3 m above the 

surrounding seafloor; sandwaves and megaripples are common in and near the site. Net average 

annual rate of sediment wave migration in the investigated Arklow Bank area was previously reported 

as 27 m/y (Van Landeghem et al., 2012). The seafloor in the area is dominated by sand and gravel 

deposited by an ice front during the last glaciation. Through analysis of seismic profiles, Hanna (2002) 
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interpreted the bank as a moraine formed during the last glaciation across the area. Furthermore, the 

bank is located south-east of the inferred limit of the Delgany Moraine, which might suggest that the 

two ridges were part of a morainic system. However, no evidence has been reported to date to fully 

test this hypothesis.  

Around 10 ka BP, sea level rise caused reworking of sediments at the 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 seafloor. Near-shore hydrodynamics (e.g. 

waves, tides) are considered as a major control on the sandbank morphology and coastal configuration 

(Hanna, 2002).  
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4.2 General narrative on the survey results 

Water depths range from -2.07 m to -56.52 m. The site is characterised by a relatively low relief 

bathymetric surface within the cable corridors. High bathymetric relief is seen in approach and on the 

Arklow bank. Anthropogenic features such as shipwrecks produce high relief. Localised gradients 

exceeding 90° were observed in areas of seafloor sediment waves and sites where debris is potentially 

present. Backscatter values were simultaneously recorded during bathymetric acquisition and gridded 

to a resolution of 0.3 m allowing for a non-invasive sediment classification. Several morphological 

features were observed in the site, including: a large presence of sandwaves, megaripples and 

sediment waves. The 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 ABWP survey area shows predominant facies of medium to coarse sediments, where it can be 

assumed higher current velocities are present. Where in the landfall area and Area E in the ABWP 

survey there is a low incidence of sandwaves or megaripples, suggesting a lower current velocity 

supported a presence of finer grained facies type clays to sandy clay. Five sub-surface units were 

identified in the SBP and datasets. Identified geohazards such as shallow gas and palaeo-channel infills 

showed, in places, correlation with magnetometer data.  

Noteworthy estimates about seafloor sediments, substrates and sub-surface substrates present in the 

area, cannot be deemed reliable without a geotechnical investigation and dedicated sediment 

sampling campaign. Such an investigation would further rectify uncertainties associated within the 

subsurface datasets, thus reducing uncertainties associated with interpretation. 
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4.3 Multibeam bathymetry  

4.3.1 Lot 1A 

4.3.1.1 IHO Order 1a Cross Check 

Each Area passed the IHO Special Order cross check examination (Table 5; see also Figure 35).  

 

Figure 35: Cross sectional view of multibeam soundings accepted to IHO Special Order standards from Lot 1A. 
Yellow dashed line represents: IHO Special order vertical maximum soundings. Pink area represents: 95% 
Confidence Interval. Blue area represents: mean offset values. 

4.3.1.2 Final bathymetric product 

The final Lot 1A bathymetric surface was gridded at 0.3 m x 0.3 m pixel resolution. Water depths range 

from -1.99 m to -40.13 m (Figure 37). The site is characterised by a relatively flat bathymetric surface 

with sandwaves and megaripples with superimposed sandwaves. 

Lot 1A of the ABWP survey area can be described as displaying a relatively flat topography with a few 

exceptions (Figure 36). These exceptions are areas with local presence of megaripples in cable route 

CR2 and on approach to Lot 1B areas which exhibit gradients from 10° to 83°. Anthropogenic seabed 

features such as shipwrecks are also observed scattered across the survey site which displays gradients 

up to 83.31°. High slope gradients highlight the areas of potential geohazard occurrence i.e., 

shipwrecks, sedimentological bedforms of various scales and individual objects and debris.  
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Figure 36: Lot 1A 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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Figure 37: ABWP Lot1A bathymetric data coloured by depth (m) 

4.3.2 Lot 1B 

4.3.2.1 IHO Order 1a Cross Check 
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Figure 38: Cross sectional view of multibeam soundings accepted to IHO Special Order standards from Lot 1B. 
Yellow dashed line represents: IHO Special order vertical maximum soundings. Pink area represents: 95% 
Confidence Interval. Blue area represents: mean offset values. 

4.3.2.2 Final bathymetric product 

The Lot 1B bathymetric surface was gridded at 0.3 m x 0.3 m pixel resolution. Water depths range 

from -2.16 m to -56.52 m (Figure 39). The site is characterised by a complex bathymetry with 

sandwaves, and megaripples with superimposed sandwaves.  

Lot 1B in the ABWP survey area is characterized by a high relief bathymetric structure (Figure 40). 

Sedimentological bedforms present in areas such as CR2b and CR3 in the south exhibit gradients from 

0° to 86° and anthropogenic seabed features such as shipwrecks, seen in CR2b seen scattered across 

the survey site which display gradients up to 86.04°. From this dataset, it can be derived that slope 

gradient can highlight the areas of potential geohazard concern i.e. shipwrecks, megaripples and 

sandwaves.  
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Figure 39: ABWP Lot1B bathymetric data coloured by depth (m) 



SSE ABWP Processing and Interpretation Report 

 

GRM_22G03_ABWP_PROC_001 
 

Page 69 of 171 
 

13/02/2023 

 

Figure 40: 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 Area E 

4.3.3.1 IHO Order 1a Cross Check 

 

Figure 41: 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 Interval. 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 -23.57 m to -40.35 m (Figure 42). The site is characterised by diverse morphology with flat areas, 

ridges but also sandwave fields and megaripples in its eastern side. A pronounced, positive ridge-like 

relief covered with sandwaves is also present in the center-north part of this area. 

Area E in the ABWP survey area generally has a downwards slope trend towards the eastern direction 

with areas of local high-slope gradients (Figure 43). The high-slope gradients are concentrated along 

the megaripples in the east ,which exhibit gradients from 0° to 75.36°. These features can be seen to 

be an extension of the same megaripple chain seen in Lot 1B (Figure 40; see also Figure 45). High slope 

gradients in this area can be associated with potential geohazards i.e. shipwrecks, mobile sandwaves 

and megaripples. 
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Figure 42: ABWP Area E bathymetric data coloured by depth (m) 
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Figure 43: 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 Sandwaves 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 10.8.1. As manual 

delineation through vectorization can be highly subjective, the semi-automated residual relief 

modelling approach was used to separate the sediment waves from the surrounding geomorphology. 

The workflow relies on a high-pass filtered digital elevation model (Majcher et al., 2020; Wessel, 1998), 

combined with a breakpoint classifier. Two separate circular high-pass 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 based on relative differences to focal means, 
rather than observed heights or wavelengths. It was chosen as the sediment wave morphology is highly variable 
in the area. Nevertheless, It was observed that the delineated sandwaves are typically characterized by 
wavelengths ranging from 5 to 10 m and heights from 0.1 to 1 m (Figure 44a;  

Table 11)., while the much larger megaripples have wavelengths of 50 to 200 m and heights of 2 to 10 m (Figure 
44b;  

Table 11).  

The sandwaves are present across the investigated areas both as extensive wave fields and individual, 

linearly distributed sand wave trains (Figure 45). 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 over them. Across the whole survey site 7.4% coverage was 

comprised of sandwaves, and 0.4% was made up of megaripples, respectively. 




































































































































































































