
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Code: UKCAL-CWF-CON-EIA-RPT-00007-7B12 

Volume 7B Proposed Development 

(Offshore) Appendices 
Appendix 4-6 Reconnaissance Geophysical Survey Interpretation Report 

Caledonia Offshore Wind Farm Ltd 

5th Floor Atria One, 144 Morrison Street, Edinburgh, EH38EX 



 

OW Volume 7B Proposed Development (Offshore) Appendices
   ii 
 

Code: UKCAL-CWF-CON-EIA-RPT-00007-7B12 

Rev: Issued 

Date: 18 October 2024 

 

Volume 7B Appendix 4-6 Reconnaissance 

Geophysical Survey Interpretation 

Report 

 

Code UKCAL-CWF-CON-EIA-RPT-00007-7B12 

Revision Issued 

Date 18 October 2024 

 

 

  

    

 

This document contains the following report: ‘Caledonia  Reconnaissance  Geophysical 

Survey’  as prepared by  Gardline  in  March  2023. For the purpose of Consent Application, 

the document has been retitled to: ‘Volume 7B, Appendix  4-6:  Reconnaissance 

Geophysical Survey Interpretation Report’, alongside the addition of a new front cover.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interpretation Report for 

Caledonia Offshore Windfarm 

Limited 

 

Project: 

Caledonia Reconnaissance 

Geophysical Survey 

 

Survey Date: 

September – November 2022 

 

Project Number: 

51737 

 

Report Status: 

Final 



Caledonia Offshore Windfarm Limited 

Caledonia Reconnaissance Geophysical Survey 

Gardline Interpretation Report 51737.3 (Final) 

II 

REPORT AUTHORISATION AND DISTRIBUTION 

Compilation Geophysics 

 Surveying 

Authorisation Checked 

 Approved 

 
 

Revision Date Title Description 

0 10-Feb-2023 Draft Report PDF only 

1 21-Mar-2023 Final Report PDF only 

    

 
 

Distribution   

Caledonia Offshore Wind Limited  
Ocean Winds  
5th Floor  
Atria One  
144 Morrison Street  
Edinburgh  
EH4 8EX 
 
 

 

For attention of  

  

  



Caledonia Offshore Windfarm Limited 

Caledonia Reconnaissance Geophysical Survey 

Gardline Interpretation Report 51737.3 (Final) 

III 

SURVEY OVERVIEW 

Gardline Limited carried out a geophysical reconnaissance survey of the Caledonia site located in the outer 

region of the Moray Firth, covering an area of approximately 429km2. The windfarm is intended to comprise both 

fixed foundation turbines and floating foundation turbines. The survey made use of multi-beam echo sounder, 

side scan sonar, magnetometer, Innomar, 2D UHRS equipment and environmental passive acoustic monitoring 

system equipment. The objective of the survey was to facilitate the development of a ground model in support 

of the WTG design. 

 

The survey was undertaken by M.V. Ocean Endeavour, mobilising in Aberdeen on 05-Sep-2022 and 

demobilising in Invergordon on 21-Nov-2022.  

 

Report volumes are as follows: 

 

Report Report No. 

Reconnaissance Geophysical Survey Operations Report 51737.1 

Reconnaissance Geophysical Survey Processing Report 51737.2 

Reconnaissance Geophysical Survey Interpretation Report 51737.3 

Reconnaissance Geophysical Survey MMO Report 51737.E0 

 

This is the Interpretation Report for Caledonia Offshore Windfarm Limited, 51737.3. 
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USE OF THIS REPORT 

 

This report has been prepared with due care and diligence and with the skill reasonably expected of a reputable 

contractor experienced in the types of work carried out under the contract and as such the findings in this report 

are based on an interpretation of data which is a matter of opinion on which professionals may differ and unless 

clearly stated is not a recommendation of any course of action.  

 

Gardline Limited has prepared this report for the client(s) identified on the front cover in fulfilment of its contractual 

obligations under the contract and the only liabilities Gardline Limited accept are those contained therein. 

 

Please be aware that further distribution of this report, in whole or part, or the use of the data for a purpose not 

expressly stated within the contractual work scope is at the client’s sole risk and Gardline Limited recommends 

that this disclaimer be included in any such distribution.  
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1. PROJECT SUMMARY 

1.1 Scope of Work 

Gardline Limited carried out a geophysical reconnaissance survey of the Caledonia site located in the 

outer region of the Moray Firth, covering an area of approximately 429km2. The windfarm is intended 

to comprise both fixed foundation turbines and floating foundation turbines. The survey made use of 

multi-beam echo sounder, side scan sonar, magnetometer, sub-bottom profiler (Innomar), 2D UHRS 

equipment and environmental passive acoustic monitoring system equipment. The objective of the 

survey was to facilitate the development of a ground model in support of the WTG design. 

 

The scope of work consisted of a grid of 150m spaced main lines and 2000m spaced crosslines. Due 

to the proximity of the operational Moray East windfarm the survey lines were orientated in two blocks 

with the northwest block orientated 139°/319° and the southeast block orientated 001°/359°. This was 

to ensure the vessel could acquire data as close to the existing turbines as possible. On 19-Oct-2022 

the client gave instruction to acquire without 2D UHRS going forwards and on 06-Nov-2022 it was 

decided that when the weather was too poor for the towed sensors, the vessel should acquire MBES 

data only, with no requirement to later infill with towed sensors. On 20-Nov-2022 the decision was 

made to demobilise the vessel, with 58% of the main grid 2D UHRS lines remaining. Demobilisation 

was completed on 21-Nov-2022. The survey will be continued in 2023, to complete remaining main 

grid lines. 

 

Visual observation for marine animals and acoustic monitoring for marine mammals was undertaken 

by dedicated mitigation personnel. Mitigation procedures were conducted for the 2D UHRS, Innomar, 

ultra-short baseline positioning system, multi-beam echo sounder and side scan sonar. Further 

information can be found in the associated Environmental MMO PAMS Survey report. 

 

Survey operations were conducted with respect to World Geodetic System 1984, UTM Zone 30N 

(3° West), all coordinates in this report are also quoted in this. All water depths are reduced to Lowest 

Astronomical Tide (LAT). Full details of the geodetics used during the project are contained in 

Appendix A. 

 

Table 1.1 Survey Area 

Easting (m) Northing (m) Latitude Longitude 

525 337.33 6 443 773.77 58° 08′ 04.470″ N 002° 34′ 11.028″ W 

525 197.98 6 453 184.95 58° 13′ 08.796″ N 002° 34′ 15.924″ W 

519 150.27 6 460 235.61 58° 16′ 57.864″ N 002° 40′ 24.384″ W 

519 520.54 6 462 323.93 58° 18′ 05.328″ N 002° 40′ 01.020″ W 

519 215.82 6 463 875.64 58° 18′ 55.548″ N 002° 40′ 19.272″ W 

518 441.26 6 465 254.79 58° 19′ 40.260″ N 002° 41′ 06.468″ W 

517 095.83 6 466 493.51 58° 20′ 20.508″ N 002° 42′ 28.836″ W 

521 800.78 6 471 283.27 58° 22′ 54.624″ N 002° 37′ 37.920″ W 

524 134.27 6 448 600.12 58° 10′ 35.904″ N 002° 17′ 01.104″ W 

534 398.10 6 428 673.48 57° 59′ 54.024″ N 002° 25′ 55.092″ W 
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1.2 Fieldwork Summary 

Table 1.2 Fieldwork Summary 

Fieldwork Summary 

Survey Vessel M.V. Ocean Endeavour 

Fieldwork Dates 05-Sep-2022 to 21-Nov-2022 

Coarse Grid 2D UHRS Lines 40 (512km) 

Main Grid 2D UHRS Lines 78 (1066km)* 
* Note that this represents approximately 42% of the original Main Grid 2D UHRS line plan 

 

1.3 Equipment Summary 

Table 1.3 Equipment Summary 

System Make/Model 

Positioning systems Fugro Starfix DGNSS 

 Sonardyne Ranger 2 USBL 

Navigation System Voyager 

Echo Sounder (MBES system) Kongsberg EM2040D 

Echo Sounder (SBES system) Kongsberg EA440 

Side Scan Sonar EdgeTech 4200FS 

Magnetometer Geometrics G882 

Sub-Bottom Profiler Innomar SES-2000 

Sound Velocity Probe ValePort MIDAS SV & T 

2D UHRS 
150m GeoEel Streamer 
Dura Spark Dual Cat 400+400 Sparker 

PAMS MK3 Passive Acoustic Monitoring System 

 

Full details of operational events, field personnel, weather statistics and safety incidents can be found 

in the Caledonia Reconnaissance Geophysical Survey Operations Report, Gardline Report Number 

51737.1. 
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2. DATA QA AND PROCESSING FOR INTERPRETATION 

2.1 Bathymetry 

Several factors influenced the accuracy of the bathymetric data:  

 

• Variations in sound velocity (±0.02m/s) 

• Accuracy of the tidal model 

• Instrument accuracy (typically 0.2-0.5% of depth depending on beam angle) 

• Weather effects/vessel movement 

• Morphology of seabed 

 

Considering all the factors detailed above, the depths shown on the bathymetry charts are estimated 

to be accurate in the order of ±0.5m and achieve IHO Order 1a across all depths at 95% confidence 

level. 

 

MBES data have been processed with a 2m and 4m bin size. As such, localised gradients of features 

with a smaller lateral extent will be underestimated. 

 

2.2 Seabed Features 

Side scan sonar data were collected for the purpose of mapping and imaging features and hazards 

on the seabed. Collected data have frequencies of 120kHz and 410kHz and a range of 175m per 

channel.  

 

From corrections made to the sonar mosaic, and comparing the sonar data with the swathe data, 

USBL positioning accuracy is expected to be in the order of ±4m, and horizontal resolution between 

adjacent objects is expected to be approximately 0.2m. Vertical protrusions above the seabed of 0.3m 

should be detectable (and flat-lying objects above 0.3m diameter) depending on range, and 

measurable to the nearest 0.1m.  

 

Interpretation is based upon side scan sonar and MBES data; along with BGS information. Contacts 

have been picked on the high frequency SSS and MBES data with contacts correlated across the two 

data sets. Numerous objects are found within the limits of the data and have been divided into the 

following categories: boulders, debris, linear debris, and wrecks. Objects which occur as point objects 

are interpreted as boulders; objects which have a discernible non-spherical shape, measurable 

dimensions deemed too large to represent a boulder or correlate with magnetic anomalies are 

interpreted as debris. Boulders are the most numerous object with 6,488 greater than 0.3m in height 

measured across the surveyed area of the site. However, due to range used and marginal weather 

conditions, confidence in length and width of smaller contacts is reduced and as such is only presented 

for contacts measuring equal to or greater than 1.0m in height. Contacts picked from the MBES have 

a measured height but no width and lengths due to the limitations of the MBES data as discussed 

above in Section 2.1. 

 

2.3 Magnetic Survey 

Magnetometer data were of moderate quality with interference noted due to other survey 

sensors. High frequency and low amplitude sparker interference featured on most lines and ranged 

from 0.5-4.5 nT. Due to this, only magnetic anomalies with an amplitude of 5nT and above are included 

on the enclosed seabed features charts. As the magnetometer was piggybacked on the side scan 

sonar, the data was collected at an altitude of 13-17m. As such, only anomalies resulting from only 
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larger ferrous objects are likely to be recorded on the magnetometer due to the rapid decay of the 

magnetic influence. 

 

Positioning of ferrous bodies from magnetic anomalies is problematic. Errors are introduced from 

uncertainties on raw navigation data and on offset errors, as well as from the inherent ambiguity of 

determining body shape from magnetic anomalies. Where possible magnetic anomalies are cross 

referenced against other datasets (e.g. bathymetry, side scan sonar, sub-bottom profiler, database 

records etc), in order to assign a likely centre of the magnetic deviation. Where this is not possible the 

positioning accuracy will be largely dependent on the acquired line spacing. 

  

2.4 Sub-Seabed Data 

Innomar data were of moderate quality and exhibits an average penetration of 10m largely dependent 

on the local geological conditions. An assumed seismic velocity of 1600m/s was used for time/depth 

conversion in the Holocene Sands and 1700m/s was used for the older underlying sediments from the 

glaciomarine sands and clays to the bedrock. Maximum vertical resolution may be determined 

theoretically by one quarter of the wavelength, which would give a maximum vertical resolution of 

approximately 0.1m, assuming a dominant frequency of approximately 8000Hz. Theoretical minimum 

detectable layer, estimated at 1/30th the dominant wavelength, is calculated to be approximately 

0.008m at seabed.  

 

The 2D UHRS data were of good quality with environmental noise present. Data is deemed fit for 

purpose with reflectors apparent to 240ms TWT. The dominant frequencies are estimated to be 

around 630Hz at seabed decreasing to approximately 240Hz at 200ms TWT. Maximum vertical 

resolution may be determined theoretically by one quarter of the wavelength, which would give a 

maximum vertical resolution of approximately 0.5m at seabed and 1m at 200ms TWT. Theoretical 

minimum detectable layer, estimated at 1/30th the dominant wavelength, is calculated to be 

approximately 0.1m at seabed and 0.2m at 200ms. 

 

Due to the significant distances between survey lines of up to 700m, grids, and therefore isopachs, 

have not been produced as they would likely be misleading and potentially miss significant geological 

features. As such, subsurface interpretation is provided alongside this report within a Kingdom project 

for review. 
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3. GEOPHYSICAL SURVEY RESULTS 

Data and interpretation from the Caledonia Reconnaissance Geophysical Survey are provided on a 

series of three charts 1:20;000 scale, with a suffix of A, B and C. 

 

As the survey was cancelled before the original scope was finished, full data coverage has not been 

achieved. Full coverage has been achieved in the northwest of the survey area, but the remainder of 

the survey area has been acquired as a lattice grid with significant distances, typically 750m, between 

lines.  

 

Further survey work and associated charting and reporting is planned for the 2023 survey season.  

 

An overview of the site is presented as Figure 3.1, demonstrating locations for all data examples for 

Section 3.1 and Section 3.2. Figure 3.9 provides an overview of all data example locations for Section 

3.3. 

 

3.1 Bathymetry 

Bathymetry is illustrated on as a colour shaded relief image and contours at intervals of 5.0m and 1.0m 

on Chart 13, 14 and 15. Seabed gradients are illustrated on Charts 16, 17 and 18. 

 

Water depth across the site varies between 40.4m LAT in the northwest to 101.9m LAT in the 

southeast, varying with a gradient of less than 1°. Localised gradients up to 15° are associated with 

areas of outcropping Glacial Till.  

 

Furrows located throughout the survey area are generally orientated west to east in the northwest of 

the survey area becoming northeast to southwest in the southeast of the survey area. Furrows have 

measured depths of less than 1m below the surrounding seabed with gradients up to 3° on the flanks. 

Figure 3.2 demonstrates an area of furrows in the north of the survey area. 

 

Ripples are seen within furrows, as illustrated in Figure 3.3. Crests are orientated in a north to south 

direction with wavelengths of approximately 1m, and heights of less than 0.1m. Gradients associated 

with ripples are negligible. 

 

The difference between LAT and MSL is 2.20m. 
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Figure 3.2
Illustrating Sedimentary Furrows in the North
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Illustrating Ripples within Sedimentary Furrows
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3.2 Seabed Features 

Seabed features are illustrated on Charts 19, 20 and 21. A side scan sonar mosaic is presented on 

Charts 22, 23 and 24.   

 

Based on BGS charts seabed sediments are interpreted to comprise predominantly sand with areas 

of slightly gravelly sand. Within the sonar data areas of relatively low reflectivity are interpreted as 

sand. Areas of relatively high reflectivity, largely associated with bathymetric lows within furrows are 

interpreted as slightly gravelly sand. Furrows of slightly gravelly sand are seen across the site. 

Figure 3.4 shows a comparison between sonar, Innomar and bathymetry data demonstrating the 

furrows of slightly gravelly sand in the bathymetric lows as outcropping Unit 3 (Glacial Till), further 

discussed in Section 3.3.  

 

A total of 6,591 sea floor contacts are interpreted within the survey area. Of these, 86 items of debris 

and 11 items of linear debris are interpreted based on their size, shape, and correlation with magnetic 

anomalies. Figure 3.7 illustrates a typical item of linear debris within the site. The longest item of linear 

debris is present within the south of lattice area. This is interpreted to be split in two pieces measuring 

296.0m and 205.8m in length respectively. This potentially represents an item of finishing debris.  

 

The remaining 6,488 contacts are interpreted as boulders, 3% of which have a measurable height 

equal to or greater than 1m, 37% have a measurable height between 0.6m and 0.9m (inclusive), and 

60% have a measurable height between than 0.3m and 0.5m (inclusive). Large numbers of boulders 

are concentrated in bathymetric lows and in areas where shallow soils interpretation shows underlying 

Glacial Till (Unit 3) at or near seabed as per Figure 3.8. These are typically evident within areas of 

slightly gravelly sand and as such in these areas only boulders with height of greater than or equal to 

1.0m are displayed on the charts.  

 

There are ten wrecks/obstructions present within data coverage based on the UKHO database 

(Section 4). Of these, five are seen on the SSS and MBES data in their expected location. A detailed 

listing of all wrecks is included in Table 3.1, with database location, measured dimensions and 

magnetic anomalies associated. An example of the wreck of the Tekla (split into two parts) is illustrated 

as Figure 3.6. An obstruction is listed as being located on the side of sand bank in the UKHO database; 

this is evident on the MBES data as a mound interpreted to comprise of slightly gravelly sand – no 

obstruction can be identified. 
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Table 3.1 Wrecks and obstructions at known locations within survey area 

Feature Easting (m) Northing (m) 
Length 

(m) 

Width

(m) 

Height 

(m) 

Magnetic 

Anomaly 

(nT) 

Obstruction 518 525 6 467 858 N/A N/A N/A None 

Trident 519 446 6 466 326 26.4 9.4 3.0 351 

Tekla (Part of) 532 690 6 459 603 19.6 16.4 2.1 None 

Tekla (Part of) 532 665 6 459 382 63.3 14.7 3.8 75 

Non-dangerous 

wreck 
534 212 6 457 844 32.5 8.5 1.8 101 

Foul ground 530 429 6 456 147 N/A N/A N/A None 

HMS Jasper 533 577 6 452 477 32.5 8.5 1.8 None 

Non-dangerous 

wreck 
529 650 6 447 580 N/A N/A N/A None 

Wreck (Dead) 541 078 6 448 184 N/A N/A N/A None 

Wreck (Dead) 532 105 6 442 534 N/A N/A N/A None 

 
Two cables are expected to be present within the survey area, as listed in the KIS-ORCA database.  

 

The Caithness Moray Link Cable is located along the western edge of the site with the SHEFA-2 

Communication Cable running the length of the site to the east of the Caithness Moray link cable. SSS 

and MBES confirm the location of the Caithness Moray Link Cable illustrated in Figure 3.5. Both data 

sets show that the cable is trenched in the north section with areas of infilled trench along the central 

to south section. Magnetic anomalies up to 49nT are associated with the Caithness Moray Link Cable. 

A prominent scar of unknown origin is seen located parallel to the Caithness Moray Link cable, as 

illustrated in Figure 3.5. The scar extends for approximately 3.4km at the southern end of the 

Caithness Moray Link Cable.  

 

The SHEFA-2 Communication Cable is not seen on either the MBES or SSS data and no clear 

diffractions are observed within the Innomar data. A single magnetic anomaly of 6nT has been 

correlated with the telecom cable, but only due to its proximity to the SHEFA-2 Communication Cable 

database location (8m west). 

 

The UK Oil and Gas database indicates that five wells are present within the survey area, three of 

which are located within areas of data coverage. A contact 0.8m in height is present on the SSS data 

approximately 27m ENE of well 12/29-1, where a small depression approximately 0.1m deep is also 

seen on the MBES data. A magnetic anomaly is also associated. The remaining wells are not seen 

on either the SSS or MBES data. Table 3.2 details the wells across the site, their locations and any 

magnetic anomalies found associated with them. 
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Table 3.2 Wells at known locations across survey area. 

Well Easting (m) Northing (m) Data coverage 
Magnetic Anomalies 

(nT) 

12/23-2 530 413 6 457 994 Yes 60 

12/28-1 530 944 6 441 629 Yes None 

12/29-1 536 516 6 442 967 Yes 32 

12/23-3 531 405 6 455 998 No N/A 

12/53-3A 531 401 6 455 963 No N/A 

 

A total of 63 magnetometer anomalies are interpreted within the survey area. Of these, 16 are 

interpreted to correlate with existing infrastructure. One anomaly is interpreted to correlate with an item 

of debris identified in the SSS data. The remaining 46 interpreted anomalies cannot be correlated with 

seafloor contacts and may represent buried objects.  

 

As the magnetometer was piggybacked on the side scan sonar, the data was collected at an altitude 

of 13-17m. As such, only anomalies resulting from only larger ferrous objects are likely to be recorded 

on the magnetometer due to the rapid decay of the magnetic influence. 
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3.3 Sub-Surface Geology 

Shallow geological profiles are illustrated on Chart 25 and Chart 26. 

 

Due to the significant distances between survey lines of up to 700m, grids, and therefore isopachs, 

have not been produced as they would likely be misleading and potentially miss significant geological 

features. As such, subsurface interpretation is provided alongside this report within a Kingdom project 

for review. 

 

The base of the Holocene Sand, base glaciomarine sands and clays, base Glacial Till horizons and 

the Top Bedrock were mapped across the site. Interpretation is based on acoustic character and prior 

information such as BGS charts and regional experience. Figure 3.9 illustrates the locations of data 

examples referenced in Section 3.3 of this report. 

 

3.3.1 Shallow Geophysical Interpretation 

As listed in Table 3.3 and illustrated in Figure 3.4, the shallow soil sequence in the survey area is 

thought to comprise Unit 1 Holocene sand accumulations at seabed across most of the survey area 

underlain by Unit 2 (Quaternary glaciomarine sands and clays) with Unit 3 approaching seabed 

(Quaternary Glacial Till). Unit 4 (Cretaceous Bedrock) is the oldest formation mapped in the survey 

area and forms the basement in the survey area. 

 
Table 3.3 Sequence of sediments interpreted. 

Soil Sequence  Predicted Lithology 

Unit 1 (Holocene Sand) Very loose to dense silty and gravelly SAND 

Unit 2 (Quaternary glaciomarine sands and clays) CLAY, SILT, SAND 

Unit 3 (Quaternary Glacial Till) Boulder Clay (CLAY, SAND, GRAVEL) 

Unit 4 (Cretaceous Bedrock) 
Predominately CHALK (possibility of red 
sandstone in the east) 

 

Unit 1 (Holocene Sands) has been converted from time to depth using an assumed seismic velocity 

of 1600m/s whereas with Unit 2 and Unit 3 an assumed seismic velocity of 1700m/s has been used.  

 

Unit 1 (Holocene Sediments) 

Where thick enough to be resolved, the acoustic character of Unit 1 is typically transparent. This is 

best imaged in the Innomar data but, within channels, can also be observed in 2D UHRS. The base 

of the Holocene Sands is usually interpreted to be no more than 3m below seabed but is found up to 

approximately 10m below the seabed in northeast-southwest and east-west trending channels as 

illustrated in Figure 3.10 and Figure 3.11. These figures also show the differences between the 

Innomar and 2D UHRS in their capability to image these shallow channels. Where not resolved Unit 

1 may be present as a veneer less than 1m thick, which cannot be mapped accurately, though it is not 

present where Unit 3 is shown to outcrop at seabed. The presence of sedimentary furrows also causes 

the thickness of the unit to fluctuate by up to 2m. Unit 1 is interpreted to be thickest at approximately 

10m in the most easterly part of the survey within a northeast-southwest channel. Another possible 

channel is oriented east-west in the south of the survey area with a maximum depth of approximately 

10m below seabed. Due to the depth of these channels and the limitations of the Innomar data, the 

2D UHRS is used as a reference base as illustrated in Figure 3.10 and Figure 3.11. In bathymetric 

lows, Unit 3 outcrops Unit 1 as illustrated in Figure 3.4. This is typically evident at seabed as interpreted 

slightly gravelly sand. 
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Unit 2 (Glaciomarine Sands and Clays) 

 

Unit 2 exhibits a well layered acoustic character, and is thought to comprise of clay, silt, and sand as 

illustrated in Figure 3.12. Unit 2 is typically present within channel features where the base reaches 

up to 25m below seabed. The extents of Unit 2 have been mapped where possible, however, due to 

limitations of the line spacing, localised pockets which are not resolved may be present beyond the 

mapped extents. This clay is interpreted to comprise low strength clays and sands of glaciomarine 

origin. 

 

Unit 3 (Glacial Till) 

 

Unit 3 has a chaotic acoustic character, and is expected to comprise clay, sand, and gravel. Since it 

overlies and infills the top of the bedrock, it has a much more variable thickness than the overlying 

units. In some areas there also appears to be a gradational variation of till to bedrock as discussed 

further in the Unit 4 below and as illustrated in Figure 3.13. In contrast to the overlying Unit 2 

(glaciomarine sands and clays), Unit 3 (Glacial Till) is interpreted to comprise predominantly high 

strength clays with sands and gravels, but due to the actions of ice tectonics, the strength and 

composition are highly variable. The thickness of the unit varies between being absent up to 

approximately 40m. This unit is interpreted to outcrop at seabed as I typically evident as interpreted 

slightly gravelly sand, with many boulders, associated with bathymetric lows within sedimentary 

furrows. 

 

Unit 4 (Predominantly Cretaceous Chalk) 

 

The Unit 4 Cretaceous Bedrock is identified by a heavily eroded undulating topography with a well-

layered low amplitude acoustic character. The unit also appears to have been locally reworked, which 

in some areas makes the top bedrock boundary difficult to define as illustrated in Figure 3.13 and 

Figure 3.14. The acoustic character and dip of the bedrock appears to be variable across the site with 

faults causing areas of subsidence of bedrock and therefore the overlying sediment, as illustrated in 

Figure 3.15, as well as rotation of bedrock appearing to make the bedrock acoustically transparent as 

illustrated in Figure 3.14. Overlying sands may also cause blanking of the bedrock in some areas 

making the top bedrock difficult to map, along with a gradational variation from till to bedrock as 

illustrated in Figure 3.14.The depth below seabed to top of bedrock varies from less than 1m to 

approximately 70m below seabed in the east of the survey area. 
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4. BACKGROUND INFORMATION 

Geophysical data have been interpreted with reference to BGS charting for the area as follows: 

 

 BGS Chart, Sheet 58°N - 04°W (Caithness) 

 British Geological Survey, 1:250,000 Series, 

 Published by Ordnance Survey. 

 

 BGS Chart, Sheet 57°N - 04°W (Moray Buchan) 

 British Geological Survey, 1:250,000 Series, 

 Published by Ordnance Survey. 

 

The following versions are available: 

 

 Seabed Sediments 

 Quaternary Geology 

 Solid Geology 

 

BGS Offshore GeoIndex, Offshore Sampling (www.bgs.ac.uk/map-viewers/geoindex-offshore - 

accessed February 2023). 

 

Useful information was also obtained from the following sources: 

 

Kingfisher Information Service - Offshore Renewable & Cable Awareness (www.kis-orca.eu– 

accessed February 2023). 

 

UK Oil and Gas Authority Database (OGA) -  (www.ogauthority.co.uk – accessed February 2023) 

 

Admiralty Marine Data Portal (UKHO) -  (https://www.admiralty.co.uk – accessed February 2023) 

 

Caledonia OWF - Reconnaissance Geophysical Survey 2886-OW-RFP-SOW-01. Scope of Work 

Document.  

 

Caledonia OWF - Schedule 2 Caledonia Gardline v7 Part 2 Scope of Works  

 

 

 

 

http://www.kis-orca.eu/
http://www.ogauthority.co.uk/
https://www.admiralty.co.uk/
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APPENDIX A. GEODETIC REFERENCE SYSTEM 
 
 

Geodetic Datum 

Geodetic Datum World Geodetic System 1984 

EPSG Code 6326 

 

Ellipsoid 

Ellipsoid International 1924 

EPSG Code 7030 

Semi-major Axis (a) 6 378 137.000m 

Semi-minor Axis (b) 6 356 752.314 25m 

Inverse Flattening (1/f) 298.257 223 56 

Eccentricity sq. (e2) 0.006 694 379 990 

 

Projection 

Projection UTM 30N 

Projection Type Transverse Mercator 

EPSG Code 16030 

Origin Latitude 00° 00' 00.000" North 

Origin Longitude 003° 00' 00.000" West 

Origin False Easting 500 000.000 

Origin False Northing 0.000  

Scale Factor 0.9996 

Grid Unit Metres 

EPSG Code (Grid Unit) 9001 

Source of Information: EPSG geodesy parameters dataset version 10.078. 
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